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OME important aspects of antibody production have remained obscure for 
S many vears because of the doubt concerning the chemical nature of anti 
bodies. The problem of antibody action, therefore, has received more attention 
than has that of antibody structure. Within the past few years, however, new 
facts about the chemical constitution of antibodies have suggested new methods 
of approach to the general problem of antibody formation. The resultant rap 
idly changing viewpoint can be briefly summarized as follows: In 1929 Wells,’ 
in expressing the commonly held opinion of that time, said, ** We have absolutely 
no knowledge what these antibodies may be, or even that they exist as material 
objects. Like the enzymes, we recognize them by what they do without knowing 
just what they are. We do not know whether they are specific molecular agegre- 
gates or merely physical forces dependent on altered surface energy of the same 
substances which were already present in the blood before the process of immuni- 
zation was even begun.’’ Zinsser, two years later, indicated a changing point 
of view? ‘It is generally assumed that antibodies cannot be separated from 
proteins and are usually contained in the pseudoglobulin fraction, in some eases 
in the euglobulin fractions of the sera.’’ By 1938 Heidelberger had stated the 
current view in these words:* ‘* Although writers on immunology are still to 
be found who prefer to consider antibodies as ideas, rather than chemical sub- 
inces, there is now much evidence that antibodies actually are modified serum 
lobulins.’’ And Marrack has recently said (1942) :* ‘Now, however, that a 
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rge volume of evidence has accumulated which shows that antibodies are modi- 
‘d serum globulins, the chief problem has become the structure and properties 
of proteins in general and the special characteristics of antibodies in par- 
tieular.’? With the chemical composition of antibodies thus definitely established 


*From the Department of Pathology, the University of Chicago. 

Some of the work on which this discussion is based was aided by the Douglas Smith 
undation for Medical Research of the University of Chicago and the John and Mary R. 
rkle Foundation. 
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it should now be possible to proceed more confidently to the study of the con- 
ditions that influence their production. 

Present-day theories regarding the formation of antibodies all agree in 
postulating their intracellular production from globulin. The molecules of 
globulin are synthesized in stereochemical relationship to antigen, and when 
released, exhibit specific affinities for this antigen. The theory of Breinl and 
Haurowitz’ assumes that during the process of antibody formation antigens 
enter into the mixture of amino acids and peptides and induce new groupings. 
The formation of antibody thus represents the synthesis of a special kind of 
globulin in which the molecules orient themselves in ways characteristic for 
each antigen. As the antibodies pass into the blood the antigen remains behind, 
thereby continuing to influence the formation of new antibody globulin until 
the antigenic components are destroyed or eliminated from the antibody-pro- 
ducing cells. Alexander® postulates the development within cells of *‘*‘new 
specific catalysts’? capable of directing antibody synthesis. During their de- 
velopment the antigen becomes an ‘‘essential part of the directive surface of the 
catalyst particles, thereby leading to the formation of groups of particles with 
reversed electrostatic charge patterns.’’ By such a mechanism minute quan- 
tities of antigen, even as little as one molecule, can ‘*convert a cell or an extra- 
cellular catalyst into a potential producer of antibody.”’’ Mudd’s theory’ em- 
bodies the idea that antibodies are synthesized from peptides and amino acids 
in an ‘‘orienting environment, namely, the antigen-protoplasm interface.’ 
Amino acids which become coupled to the growing antibody molecule must con- 
form to the ‘‘spatial and chemical requirements of the interface in which syn- 
thesis is proceeding.’’ Therefore, the antibody corresponds structurally to the 
configurations of the antigenic surface and hence is specific, i.e., after dissocia- 
tion it can recombine with antigenic molecules of similar structure. Further- 
more, after dissociation the antigen again is available to act as a directive pat- 
tern for further synthesis of antibody. Pauling*® has suggested recently that 
during antibody formation the molecules of antigen act as directive patterns or 
templates in the process of globulin synthesis; consequently, a molecule of anti- 
body differs from a molecule of normal globulin only in the portion of the coiled 
polypeptide chain which has been **templated’’ during synthesis by contact with 
portions of the antigen. According to this concept normal globulin and anti- 
body globulin are essentially identical chemically but differ structurally some- 
what as one automobile tire may differ from another in tread pattern although 
being chemically similar. Further verification of this concept is suggested by 
the recent experiments of Pauling and Campbell,” '° demonstrating the forma- 
tion of specific antibodies in the test tube by a process of ‘‘unfolding’’ of poly- 
peptide chains, followed by a ‘‘refolding’’ in the presence of antigen. Later 
dissociation of the complex releases the antibody globulin molecules which can 
then recombine with their specific antigen. 

Inasmuch as these theories and the facts on which they are based all war- 
rant the conclusion that antibody globulin is specifically modified normal glob 
ulin, it becomes evident that the mechanism of antibody formation is closely 
related to that of globulin production. Furthermore, if both types of globulin 
arise from the same source, deficiencies in the formation of the one must. bi 
related to deficiencies in the production of the other. It would seem, therefore 
that a clearer understanding of the conditions determining the production o! 
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elobulins should help to elucidate both the nature of the antibody mechanism 
and the processes of antibody production. 

Much progress has been made in recent years in the search for the origin 
of the serum proteins, and many workers have emphasized the importance of 
the liver; but, as has been pointed out,'! contradictory experimental results 
make it impossible to conelude that the liver is the sole source. Reimann, Medes, 
and Fisher, in their review of the subject,"! remarked: ‘‘It would, however, 
seem reasonable to search for the site of origin of blood proteins in the blood- 
forming organs and, for this reason, the bone marrow, the endothelial system 
including the liver and spleen, and the cellular elements of the blood have been 
widely studied. Since it is now generally accepted that bilirubin arises from 
hemoglobin after the dissolution of erythrocytes, it seems plausible to suggest 
that the plasma proteins might arise in a similar manner from certain cells in 
the circulation or in the bone marrow, or from tissue cells generally. It would 
be in the nature of biologic economy to utilize the substances thus liberated, and 
certain experimental and presumptive evidence supports this view.’’ 

Evidence substantiating this suggestion of Reimann, Medes, and Fisher has 
come both from observation and experiment. Thus Downey and Weidenreich'? 
observed the shedding and dissolution of protoplasmic material from lympho- 
eytes and plasma cells and thought that this might indicate a secretory activity 
of these cells. Sabin'® reasoned from her earlier studies on the origin of the 
blood vessels in the chick blastoderm that ‘‘since for a vessel to function as 
such it is essential for the plasma to contain some protein to maintain the balance 
of intra- and extracellular fluid, the original transformation of a solid mass 
of angioblasts into a vessel involves the sacrifice of some eytoplasm to make the 
serum proteins.’’ Her later experiments utilized *‘marked antigen’? of alum- 
precipitated dye protein, the fate of which, when it was injected into rabbits, 
could be seen within macrophages. She observed that ‘‘coincident with the 
time when the dye protein is no longer visible within the cells and when there 
are antibodies in the serum, there is a marked shedding of the surface films of 
the macrophages without damage to them.’’ If this process of cytoplasmie shed- 
ding is a general property of globulin-producing cells, any such cell whieh ean 
phagoeytose antigen or allow its entrance into the cytoplasm may be a precursor 
of antibody; furthermore, a part of the antibody globulin may remain within 
the cell for long periods of time instead of being ‘‘sacrificed’’ as blood protein 
to the surrounding fluids. Landsteiner and Parker'* have shown, in tissue cul- 
ture, that in the fluids resulting from the growth of connective tissue cells of 
chicks in rabbit plasma, proteins are formed which react by precipitin tests with 
sera from rabbits injected with chicken serum. No attempts were made to de- 
termine whether the proteins were albumins or globulins, but the experiments 
furnished presumptive evidence that connective tissue cells can form serum 
proteins. It would be of particular interest to know to what extent such cells 
ean produce globulins; their inability to do so adequately and continuously 
under the artificial conditions of tissue culture might explain the numerous con- 
fli-ting results of attempts to produce antibodies in vitro. 

The idea of the intracellular origin of globulin becomes especially impor- 
tant in connection with the possibility that immune reactions may oceur inde- 
pendently of the presence of antibodies in the blood. Besredka,’* in his formu- 
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lation of the concept of local immunity, postulated a local tissue immunity with- 
out the obligatory participation of antibodies in the circulating fluids. Kahn" 
suggested that specifically immunized tissues may acquire a capacity for union 
with antigen independent of the presence of antibodies in the blood serum. 
Seegal and Seegal'’ demonstrated antibodies in ocular tissues in the absence of 
demonstrable antibodies in the adjacent extracellular fluids. Dienes and Mal- 
lory'® pointed out that hypersensitiveness of the tuberculin type may oeeur in- 
dependently of the presence of humoral antibodies and concluded that ‘*if eir- 
culating antibodies are involved in the mechanism of this type of hypersensi 
tivity they must be of an unknown nature or else exist in the blood stream in 
some as yet undetectable form. It appears more probable that we are dealing 
with an altered tissue reactivity.”’ Walsh and Cannon! ?° coneluded that 
regional immunization may lead to the formation or accumulation of antibodies 
in locally immunized tissues in concentrations higher than in other organs of 
the same animal and at times even higher than in the blood serum. Although 
the above workers have all used methods which are admittedly madequate in 
some respects, sufficient evidence exists, nevertheless, to indicate the presence 
of changed reaction capacities of tissues whieh do not parallel the antibody 
content of the blood. Inasmuch as the solution of many of the problems of 
allergy and of tissue immunity depends upon the understanding of the relative 
influences of cellular and humoral immune reactions, continued efforts must be 
made to determine their respective potentialities. 

An immune phenomenon hitherto not adequately studied is the anamnestic 
reaction. This phenomenon, while generally recognized as a source of error 
in the interpretation of certain laboratory procedures, has not received the 
theoretical attention it deserves. The name ‘‘anamnestische serum reaktion’’ 
resulted from observations by Conradi and Bieling*! in 1916 that soldiers pre 
viously vaceinated with the typhoid vaecine had a sharp rise in titers in the 
(Giruber-Widal reactions in the course of febrile diseases that stimulated typhoid 
fever, but that later proved to be something else, as for example, typhus, miliary 
tuberculosis, pneumonia, erysipelas, bacillary dysentery, Weil’s disease, ete. 
Conradi and Bieling demonstrated in rabbits immunized against typhoid bacilli 
that the later injection of colon, diphtheria, or dysentery baeilli also caused a 
sharp rise in the titer of the serum against typhoid bacilli. They coneluded, 
therefore, that the stimulation of antibody-producing cells by heterologous micro 
organisms caused them to ‘recall’? their previous production of antibodies to 
typhoid baeilh. 

These observations of Conradi and Bieling, although not new, served to 
emphasize the significance of earlier ones. Dieudonné,?? for example, as earls 
as 1906 had shown that the injection of sodium cinnamie acid into typhoid 
immunized rabbits with low agelutinative titers caused a renewed formation of 
agglutinins. This demonstration apparently aroused but little interest until the 
diagnostic problems arising in World War I ealled renewed attention to the 
importance of the anamnestic reaction. Thus, Fleckseder?* in 1916 eoneluded 
that many kinds of febrile diseases could cause a sharp rise in the concentration 
of agglutinins to the typhoid bacillus in the serum of immunized persons, and 
Weil and Felix** saw a rise in titers in the Gruber-Widal reaction in approxi- 
mately 53 per cent of patients in the course of typhus, as well as to some deer 
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in other infectious processes. In 1917 Dreyer and Inman®’ emphasized the 
importance of quantitative methods in agglutination tests in typhoid-immunized 
persons with enteric disease because of the concomitant production of major 
and minor agglutinins. In the same vear Baehr®® said: **It has been occasion- 
ally noted that the Widal reaction may become positive during any febrile 
disorder in persons who previously had typhoid fever or who have recently been 
vaceinated with typhoid bacilli, . . This temporary lighting up of the Widal 
reaction during typhus fever was commonly observed by the German and 
Austro-Hungarian army bacteriologists in Russian Poland and Volhynia, for 
all the troops had received typhoid vaceinations.”* It was not known until many 
years later that the capacity to produce agglutinins to the typhoid bacillus after 
immunization may persist in healthy persons for as long as from six to nine 
vears.”' 

The demonstration by Dieudonné that nonspecific agents can elicit the 
anamnestic response was confirmed in 1917 by WKirstein®> in his experiments 
showing that infection of typhoid-immunized rabbits with vaccinia virus also 
eaused a mobilization of agglutinins to the typhoid bacillus. He emphasized 
particularly the fact that nonbacterial agents had a stimulative effeet. In all 
of these earlier observations, however, the primary emphasis was on the prae- 
tical aspects of the reaction because of the diagnostic difficulties presented, and 
only a few efforts were made to ascertain the cause of the anamnesis. Some 
attributed the reaction to the reappearance of ** preformed antibodies”*’;*° others 
thought that the acute hyperplasia of the spleen was responsible; only Conradi 
and Bieling made any attempt to determine experimentally the underlying na- 
ture of the phenomenon. 

The anamnestic phenomenon can be demonstrated, also, against nonbae- 
terial antigens. Obermeyer and Pick*’ in 1904 observed the reappearance of 
precipitins to beef serum after injection of horse albumoses in rabbits previously 
injected with beef serum. Little attention was paid to this aspeet, however, 
until 1917, when Hektoen®’ pointed out an important source of error in the 
production of preeipitins for foreign sera in that, when rabbits were injected 
with one type of serum and were later injected with a heterologous serum, pre- 
cipitins to the first serum reappeared. He said at that time: ‘*The particular 
point on which special stress is placed now is the capacity of the rabbit under 
suitable conditions ... to elaborate different precipitins at the same time. It 
appears that the precipitin production induced in the usual way leaves behind 
it an inereased power of further production so that large amounts of major as 
well as group and minor precipitins are elaborated on the injection of a new 
serum or blood. Manifestly, the phenomenon is an expression of an increased 
reactivity and may be classed with other manifestations of allergy.’’ Bieling,*' 
in later experiments, re-emphasized the idea that the changed reaction capacity 
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)t tissues is an expression of allergy whereby the power of a cell to produce 
antibody ean be changed both specifically and nonspecifically. THe visualized 
he immune state in a cell as a process of development of a nonspecifie hyper- 
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usceptibilitv to other kinds of stimuli; as a result of this, later stimuli can 


gender the appearance of nonspecific antibodies in the pretreated animal. 
Mackenzie and Friithbauer®? reported that after precipitins to foreign proteins had 
disappeared from the blood, later injection of another protein caused them to 
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reappear; furthermore, the precipitins to the last antigen previously injected 
were the first to reappear. Hektoen and Welker**® have shown, also, that subse- 
quent to the induction and disappearance of multiple precipitin formation by 
the successive introduction of different antigens, the injection of only one of the 
antigens previously used may cause the reappearance of precipitins to the same 
as well as the other antigens. 

During the entire period of study of the anamnestic reaction, unnecessary 
confusion has centered around the use of the term itself. The word **anamnesis”’ 
means ‘‘a recalling,’’ and in the anamnestic reaction the antibody-producing 
cells presumably ‘‘reeall’’ or ‘‘remember’’ a previous antigenic experience 
during the course of a subsequent and frequently unrelated type of cellular 
stimulation. Because of the heterologous nature of the later stimulus too sharp 
a restriction has been placed upon this feature of the phenomenon. As Topley*' 
has said: ‘‘In this connection we note the terminological confusion whieh has 
sometimes arisen in the literature. The production, in response to an antigenic 
stimulus, of an antibody that has been produced in the tissues on some previous 
oceasion is often referred to as an anamnestic reaction (anamnesis recollection 
Sometimes this term is used in connection with the type of nonspecific stimulus 
to which we have just referred—the tissues are stimulated to general activity, 
in which is included the renewed production of a particular antibody that has 
been formed at some time in the past. Sometimes, perhaps more accurately, 
it is employed in reference only to those instances in which the particular chem 
ical stimulus concerned formed part of the earlier experience of the antibod) 
producing cells."” There can be no doubt, therefore, that Topley applies the 
term ‘‘anamnestic reaction’’ both to the nonspecific and the specific liberation of 
antibodies into the blood stream consequent to a later antigenie stimulation. 
This broader point of view implies, therefore, that if antibody-producing cells 
are to manifest some type of ‘‘recollection’’ of an earlier antigenic experience, 
there is no reason why this should happen only after a nonspecific stimulation. 
The determining feature of the anamnestic reaction is the speedy release of 
antibodies from their site of production, regardless of the stimulus whieh may 
bring it about. Acceptance of this point of view makes it immaterial whether 
the reaction is called ‘‘anamnestic,’’ ‘‘secondary immune response,’’ ‘* injection 
de rappel,’’ or the reaction to ‘‘stimulating,’’ ‘*booster,’’ or ‘‘repeat’’ injections. 

In the present discussion the anamnestic reaction is considered to be the 
result either of nonspecific or specific stimulation of antibody-producing cells 
which have undergone earlier antigenic stimulation. After nonspecifie stimu 
lation there is the reappearance of antibodies to the earlier antigen; after 
specific stimulation there is an earlier and more abundant reappearance of anti 
bodies to the specific antigenic stimulant. 

The importance of the anamnestic phenomenon is seen also in infectious 
processes. For example, the use which is now being made of the so-called 
‘“stimulating’’ or ‘‘booster’’ injections of toxoids in order to eall forth an 
accelerated liberation of antitoxins**-** is an instance of ‘‘specifie anamnesis, ’ 
whereby higher levels of antitoxic immunity are attained in children and in 
soldiers who have been immunized previously with toxoids of diphtheria and 
tetanus. Jones and Moss describe the case of a person who eight months after 
immunization with tetanus toxoid suffered a puncture wound of the han. 
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His blood serum, when tested after immunization, had shown the following anti- 
toxic levels: at six weeks, one-tenth unit per cubic centimeter; at twelve weeks, 
one-twentieth unit; at six months, one-fortieth unit. On the day following the 
injury he was reinjected with 0.25 ¢.¢. of alum-precipitated tetanus toxoid; his 
blood serum, tested one week later, contained one-tenth unit per cubie centi- 
meter, and four weeks later, one-half unit. The authors estimated that his total 
blood, therefore, would have contained approximately 3,000 units of antitoxin, 
or “more than enough antitoxin to protect against the development of clinical 
tetanus’? as well as to possess an active immunity far superior to the passive 
protection whieh would have been possible by the injection of antitoxin. These 
authors showed later, moreover, that stimulating injections of toxoid not only 
accomplished the accelerated elevation of antitoxie levels in the blood, but that 
these levels persisted longer than after first injections. It is not unlikely that 
in persons adequately immunized with toxoids a later infection with diphtheria 
or tetanus bacilli will, because of the speedy liberation of small quantities of 
toxin into the tissues, engender an aecelerated secondary response and thus 
bring treshly liberated antitoxins quickly to the site of developing infection, 
thereby favoring an early termination of the infective focus. 

The anamnestic reaction may operate similarly in infections in which anti- 
genie stimulations accompanying the acute infectious process may liberate, in 
varying degrees, antibodies engendered by earlier antigenic experiences. It is 
conceivable that such a response would help materially in restraining the de- 
velopment of incipient secondary infections which might otherwise complicate 
seriously the major infectious process. For example, Hektoen and Boor*® called 
attention to the fact that ‘*the serum of apparently healthy persons contains, 
as is well known, small quantities of a great variety of antibodies for infectious, 
as well as non-infectious, antigens ... it seems reasonable to assume that ‘nor- 
mal antibodies’ may develop in response to antigens that enter the blood from 
the digestive and respiratory tracts, as well as in other ways.”’ 

It may be recalled that during the first World War the most serious compli- 
cations of influenza and measles occurred in soldiers from the sparsely settled 
rural areas. These men, presumably, had had fewer antigenic experiences with 
microorganisms commonly implicated in respiratory infections than had soldiers 
coming from the thickly populated urban areas. It is possible that, during the 
course of influenza or measles, the anamnestic mobilization of multiple anti- 
bodies to various types of streptococci and pneumococci may have played an 
important part in restricting the early growth and spread of secondary bacterial 
invaders which might otherwise have caused serious or even lethal infections. 

The anamnestic reaction may also play a beneficial role in the treatment of 
chronie or foeal infections in which, presumably, foci of infective agents persist 
in the tissues over long periods of time. For example, in the treatment of chronic 
syphilis, arthritis, or iritis, stimulation of the antibody mechanism by various 
foreign protein materials, such as typhoid vaccine, milk, malarial parasites, or by 
hyperthermie means, may cause the liberation into the blood stream of signifi- 
ealit amounts of specific antibodies engendered by previous antigeni¢ experiences 
but which could not otherwise gain access to the infected foci. According to 
Cecil,#? ‘perhaps the most important function of the foreign protein reaction 
is ihe mobilization of immune bodies in the circulating blood. . . . Indeed, it has 
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been shown by numerous authors that any form of fever is conducive to an 
increase of immune bodies in the circulatine blood. Whether this is due to an 
increased formation or to in¢reased mobilization of antibodies it is difficult to 
say.’ O*Leary" also remarks: **The literature contains numerous hypotheses 
as to the mechanism that produces the satisfactory results of fever therapy, but 
not one of these offers sufficient evidence to warrant its acceptanee except as a 
theory. In the fever induced by the malarial treatment, as well as in that pro- 
duced by other nonspecific agents, it is my impression that the satisfactory 
therapeutic effects are the result of some fundamental change in the immunologic 
processes, the nature of whieh is unfamiliar. The high temperatures which are 
produced may be a factor in bringing about these changes.’’ Although more 
examples might be cited, these will suffice to illustrate the general importance of 
the phenomenon, not only through its effects upon various laboratory procedures, 
but also upon many important problems of acquired resistance. 

Perhaps, however, the relationship of the anamnestic reaction to the problen 
of antibody production is of even greater significanee. Although it is now 
generally agreed that the antibody-producing mechanism consists predominantly 
of macrophages comprising the reticulo-endothelial system, it is possible that 
antibody formation may be more widespread. In facet, any cell which can ae 
tively phagocytose foreign antigenic materials, or even allow them to enter its 
evtoplasm and remain there while globulin is being synthesized may, pre- 
sumably, either produce antibody for release into the circulating fluids or de- 
velop a changed reaction capacity to the same type of antigen. It seems prob- 
able, therefore, that several kinds of cells may play an important part in the 
synthesis of globulin and that tissue globulin functions as the mother substance 
or matrix from which antibodies are formed, regardless of whether they are 
liberated into the blood or remain at their sites of formation. 

Such a matrix of globulin, if it is to function effectively both for the pro 
duction of antibodies and for the preservation of the antibody mechanism itself, 
must be adequate qualitatively and quantitatively. Consequently, the reserves 
of tissue globulin must have been properly constructed during synthesis, and 
in sufficient amounts. Inasmuch as these arise ultimately from amino acids 
in the food, nutritional conditions suitable for the effective synthesis of globulin 
are necessary. This particular aspect of the problem will not be discussed. in 
the present paper, since it has been considered in more detail elsewhere.*? — It 
is a well-known fact, however, that the production of antibodies is, as a rule, 
poorer in conditions of immaturity, severe malnutrition, and excessive loss of 
blood proteins. While the causes of this impaired capacity to form antibodies 
are still unknown, antibody-producing cells possessing an adequate content of 
tissue globulin of good quality should be capable of synthesizing as many varie- 
ties of specific antibodies as there are antigenic templates to influence their 
specific formation. Hektoen and Boor* have shown that the injection of 35 
different antigens at one time engendered the simultaneous formation of 34 
specific antibodies. Furthermore, Delves*® found that the immunization of rab- 
bits with a mixture of ten kinds of laked blood led to the simultaneous produc- 
tion of specific precipitins for many blood proteins and specific agglutinins and 
lvsins for different species of blood corpuscles. These findings indieate tht, 


under normal conditions of antibody formation, antibody synthesis depends upon 
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the presence within the antibody-producing cells of antigenic components, re- 
gardless of their numbers at any one time. The process may be likened to 
that of the printing of letters of dough for the preparation of *‘alphabet soup.” 
If one compares the dough to tissue elobulin, one can think of it as passing 
through a stamping machine with the various letters of the alphabet emerging. 
If, however, some of the letter molds become injured or lost. the letters will 
come out poorly marked or not marked at all. Furthermore, if the supply of 
dough runs low or deteriorates in quality beeause of dilution or other change, 
letters of poor quality will emerge. 

If globulins, whether normal or specifically modified by antigen are products 
of cells, it becomes essential that the supply of amino acids for proper cellular 
functioning be constantly maintained. Furthermore, it may be highly im- 
portant that the intracellular reserves of protein materials be maintained in 
these or in other cells of the body in order that globulin synthesis may go on 
uninterruptedly and even at an accelerated tempo in the presence of infection. 
Whipple and his collaborators’ have shown that protein materials, particularly 
in the liver, constitute an important reservoir of readily mobilizable protein 
ageregates which are in dynamie equilibrium with the blood proteins and which 
ean be called upon in time of need for the nourishment of the protein depleted 
tissues. Schoenheimer and his associates’? have shown also that the process of 
interchange of amino acids within the tissues is extremely dynamie, and that, 
if during the process of antibody synthesis, an amino acid (glycine) containing 
isotopic nitrogen is fed to a rabbit, some of the heavy nitrogen quickly appears 
in the antibody globulin itself. It is evident, therefore, that even during the 
period of antibody formation amino acids in the food may play an active part 
in the construction of antibody molecules. 

This evidence of the active participation of amino acids of the food in 
antibody production re-emphasizes the problem of protein metabolism during 
infection. The loss of body protein during infectious disease, due to the fever, 
the toxemia, and the insufficient regeneration because of inadequate food in- 
take, may be an important factor in the depletion of the protein reserves. For 
example, patients with typhoid fever may lose as much as 100 Gm. of body 
nitrogen in from eight to twelve days; the outstanding clinical fact in sueh 
patients is starvation. One may wonder in retrospect about the consequences 
of the low-calorie diets in the treatment of typhoid fever, particularly during 
those stages of the disease in which the tissues, presumably, needed an adequate 
supply of immune substances. It may be that the not infrequent relapses of 
those times were caused, in part, by the scarcity of amino acids essential for the 
continued production of antibodies; and perhaps the favorable effeets of the 
Coleman-Shaffer high-calorie diet,*° with its correspondingly higher content of 
amino acids, were due in some degree, to the better production of antibodies as 
well as to the greater calorie values and the protein-sparing effects of the carbo- 
hydrate. Coleman* has said concerning prognosis in typhoid fever that ‘* when 
a patient is well nourished, the natural history of the disease is profoundly 
modified in many respects. There is evidence that complications occur less fre- 
quently. Such complications as do occur are less serious in their consequences. 
The immunity processes appear to be favorably influenced.’’ He states, further- 
more, that from his observations ‘‘the mortality rates in patients who were well 
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nourished were from 50 per cent to 75 per cent lower than in those who were 
partially starved.’’ These observations suggest that in other subacute and 
chronic infectious diseases, as for example, tuberculosis, syphilis, malaria, rheu- 
matie disease, ete., good nutrition may also facilitate recovery to a considerable 
degree by its action in promoting the more effective synthesis of antibody globu- 
lin. 

The probability that the antibody mechanism is affected by starvation is 
of particular importance today as one of the problems of war. The association 
of war, famine, and pestilence has long been known, but the reasons for the rise 
of epidemics and the higher death rates from infection are still not well under- 
stood. During World War I the incidence of tuberculosis rose greatly in Ger- 
many and elsewhere, and it has been estimated that at least 800,000 persons died 
as a result of the food blockade, many because of infectious diseases. Part of 
this high death rate has been attributed to the lowered intake of protein in 
the diet. The possibility that depleted protein reserves may reduce the eapacit) 
of a starving person to produce antibody-globulin quickly and effectively may 
be of profound importance in any incipient infection which might otherwise 
be readily terminated. Experiments now in progress indicate very definitely 
that rabbits with hypoproteinemia, the result of plasmapheresis and a low pro- 
tein diet, show an impaired ability to form antibodies. Such experiments sug- 
vest the tremendous importance of maintaining adequate protein reserves; the 
only way, obviously, is by the ingestion of sufficient amounts of protein in the 
diet. 

The question whether there are reserves of stored protein in the tissues 
comparable to those of glycogen and fat is controversial, although there is but 
little doubt that under some conditions, as after hemorrhage or plasmapheresis 
and during other hypoproteinemic states, organs and tissues may contribute 
proteins to the blood. Nor is it known in what form or where the protein re- 
serves are stored, although the liver undoubtedly plays an important and _per- 
haps a predominant role. Berg** claimed many years ago that in well-nourished 
animals protein deposits could be demonstrated microscopically in the liver cells 
as intracellular ‘‘ protein inclusions’’; in starving animals these inclusions dis- 
appeared and the cells became smaller. Furthermore, Berg and Cahn-Bronner* 
showed that, when starved animals (salamanders and rabbits) were fed a mixture 
of amino acids obtained from enzymatic hydrolysis of beef flesh, these inelusions 
reappeared in the liver cells within a few hours and were indistinguishable from 
those seen after ordinary protein feeding. They concluded, therefore, that these 
represented a phase of protein storage. Elman and Heifetz* 


showed, further- 
more, in dogs kept on a low-protein diet, that as the albumin values of the blood 
fell, there was a concomitant decrease in the amount of stainable cytoplasm in 
the hepatic cells. The latter became more vacuolated and the water content of 
the liver as a whole increased. 

There is no conclusive evidence as yet, however, as to the chemical state in 


which protein is stored in the liver. Luck®! maintained two groups of rats on 
high- and low-protein diets, respectively, and analyzed the livers quantitatively 
for evidence of protein storage. He found that in the high-protein group there 
was an increased amount of protein per unit weight of tissue but that all the 
protein fractions were increased about proportionally when compared with ‘he 
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similar fractions in the low-protein group. Addis and his associates,°? in quan- 
titative studies on the effects of fasting in rats upon protein storage, found that 
the liver in seven days lost about 40 per cent of its total protein, thus indicating, 
also, the importance of this organ as a storehouse or way station in protein 
metabolism. Whipple and his collaborators have demonstrated by physiologic 
methods the important part played by stored proteins in the bodily economy as 
a ‘‘reserve against adversity in the sense that it can be cireumspectly depleted 
without apparent injury to the body.’’ Whipple suggests that intracellular pro- 
teins may exist in three forms, viz., labile reserve protein, dispensable reserve 
protein, and indispensable fixed protein, and that, because of the existence of a 
dynamie equilibrium between the fluids and the tissues, there is an ‘‘easy ex- 
change between the plasma protein and the labile protein stores of the body 
cells.”’ Under conditions of anemia, plasma depletion, or protein fasting even 
the dispensable reserve proteins may also be drawn upon to some extent. The 
indispensable fixed proteins, however, cannot be removed unless the cells are 
seriously damaged or destroyed. It is of interest, furthermore, that when the 
‘‘stored’’ proteins are contributed to the blood stream under the above condi- 
tions, the most labile protein reserves seem to be those with larger molecules. 
Thus Berger®* has shown that after the injection of a foreign protein into rab- 
bits, the resulting hyperproteinemia occurs primarily (in about four days) as a 
hyperglobulinemia with an associated hypoalbuminemia. The albumin levels 
rise later, usually in from sixty to one hundred and twenty days. Similarly, 
after severe blood loss in normal animals there is an inerease in normal globulin 
in the blood, whereas, in immunized ones antibody globulin is quickly liberated 
into the blood, as seen in the anamnestie response after severe hemorrhage. 

The facts cited in this brief review of the problem of antibody production 
and the anamnestic reaction suggest that antigenie components may persist 
within antibody-producing cells for considerable periods of time after injection 
or vaccination and thus are able to function as templates when later stimuli 
cause an acceleration of antibody production. Furthermore, there is evidence 
that antigenic templates which were effective earlier in the process of antibody 
formation tend to disappear or to become changed with time so that they lose 
their ability to influence specifically the later synthesis of globulin. Further 
studies of the anamnestic phenomenon should throw more light upon many 
more important aspects of the general problem of antibody production. 


SUMMARY AND CONCLUSIONS 


The antibody-producing mechanism comprises a widely distributed system 
of cells, including macrophages, fibroblasts, and possibly even endothelial cells 
and to some extent epidermal cells, all of which may have the potentiality in 
varying degrees of synthesizing globulin. Wherever this material is formed, 
antigenie ‘‘templates’’ may, if present at the sites of synthesis, so influence 
the struetural pattern of the globulin molecules as to confer specific properties 
upon them. Some of these molecules may pass into the extracellular fluids as 
antibodies and remain there for variable periods of time; others may persist 
Wiihin their cells of formation. The persistence of this antibody matrix for 
mouths or years may explain both the acquisition of acquired resistance inde- 
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pendently of any considerable amounts of antibodies in the blood as well as 


many of the tissue reactivities which are commonly regarded as allergic phe- 


nomena. The effectiveness of globulin synthesis, and consequently, of antibody 


production will be determined by the quality and quantity of globulin reserves 


continuously available. These, in turn, are dependent ultimately upon an ade- 


quate intake of amino acids in the food. Diet, therefore, will determine to a 


large degree both the effective production of antibody globulin and the potential 


reserve capacity of the antibody mechanism. 


ES 
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CLINICAL AND EXPERIMENTAL 


SARCOIDOSIS (BOECK-BESNIER-SCHAUMANN DISEASE) AS 
CAUSE OF A PITUITARY SYNDROME* 


KE. J. Kraus, M.D., Prorta, Inn. 


yeeseiceprepd with other anatomic lesions, the involvement of the pituitary 
gland by sarcoidosis represents a rare event. According to a recent review 
on this disease by Longeope,' only six cases of pituitary involvement seem to 
have been published, all accompanied by diabetes insipidus. 

The case represented in this paper differs from previous cases in that the 
pituitary region showed particular findings which might not have been described 
yet in this combination. 

Today we know that sarcoidosis or Boeck’s sareoid is identical with lupus 
pernio described by Besnier, and that uveoparotid fever represents only a par 
ticular manifestation of the same disease. It is a chronie disease of long dura 
tion, usually characterized by a mild, often feverless, course, a tendency to 
exacerbation and refractory behavior to treatment, and often shows spontaneous 
recession. The underlying process is a granuloma with a certain resemblance to 
that of tuberculosis. Sarcoidosis is not identical with tuberculosis, but is often 
combined with it. The most frequent organs attacked are the lungs, lymph nodes, 
skin, spleen, liver, and eve; however, not many organs escape being involved by 
the granuloma. Sarcoidosis with especial involvement of the skeleton has been 
described erroneously by Jiingling,? a German author, as osteitis tuberculosa 
evstica multiplex. 

The granulation tissue in sarcoidosis has no tendeney to undergo easeation 
and is characterized by nodules consisting of epithelioid cells, lymphoeytes, and 
giant cells with peculiar calcified inclusions. These nodules are frequently sur 
rounded by a wall of hvalinized fibrous tissue. They are not prone to coalesce 
but remain separate though often closely approximated. The etiology of the dis- 
ease is not known; transmission to animals has not been successful so far. Among 
the laboratory findings, one of the most significant is hyperglobulinemia. 


CASE REPORT 


The following case is that of a woman, aged 41 years, a teacher by occupation. Her 
menstruation began at 15 years of age and continued regularly for two years, the periods 
lasting three days. Then the menses disappeared without discernible cause, after which s/ie 
bled from the nose quite regularly for two or three days every month. Prior to her death tlie 


epistaxis was so heavy that it had to be stopped at the hospital. 





*From the Department of Pathology at St. Francis Hospital, Peoria. 
teceived for publication, May 20, 1942. 





140 








cu 
pit 
se] 


the 


In 
ect 


sm 














KRAUS: SARCOIDOSIS 141 


The patient gave a history of previous apical tuberculosis. She was anemie for about 
ten years. She died shortly after admission, her temperature having risen to 104° PF, 
The clinical diagnosis was hypochromic anemia, thrombocytopenia, hypoplasia of the 


genitals, and polyuria. 







Fig. 1.—Sagittal section through the skull base. showing the dorsum sellae strikingly high and 
prominent. 
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Fig. 2.—Aspect of the cranial base, showing the atrophic pituitary gland lying deep in the sella 
with the flattened pituitary stalk running over the abnormally high dorsum sellae. 


futopsy.—The body was 149 em. in length and 46 kg. in weight, proportional in its 
dimensions. Panniculus adiposus measured 3 em. over the abdomen, 1 em. over the external 
bicipital suleus, and 3 em. over the fossa ovalis. The skin was without particular pigmentation. 
The head hair was brown and thinner than normal; the axillae, were without hair; the pubic 
hair was blonde, scanty, and downy; and the trunk and extremities were hairless. The 
breasts were small, flat, and poor in fat tissue; the nipples were not prominent; labia majora 
and |abia minora were small. 

The skull measured 17 by 14.5 em. in diameter and up to 0.4 em. in thickness, with a cir 
cumference of 50.5 em. Brain and meninges were grossly without particular lesions, The 
pituitary gland on its cranial surface was exeavated and lay deep in the sella; the dorsum 
sellaes was unusually high and bent slightly forward. The pituitary stalk which passed over 
the prominent edge of the dorsum sellae was lengthened, flattened, and whitish in color (Figs. 
l ani 2). 

The nasal cavity was filled with coagulated blood, The thyroid was small and atrophic. 
In the left upper lobe of the lungs there was a deep transverse scar with neighboring bronchi 
ectas's. The left apex contained a slaty indurated area, about 2 em. in diameter, and two 
small r caleified foci. There were fibrous adhesions of the apical pleura. Both lungs were 
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firmer than normal and had reduced air content; the surface in many parts was rough and 
showed numerous tiny grayish nodules closely compacted. In the left lower lobe a fine network 
of scar tissue was found in some places. The lobes of both lungs were fused together by fibrous 
adhesions. In other parts the pleura showed ecchymoses, as did the epicardium, The myo 
eardium, the heart valves, and the aorta did not reveal essential changes. The broncho 
pulmonary and tracheobronchial lymph nodes were indurated, anthracotic, and contained a 
few calcified foci. The mediastinal, abdominal, and retroperitoneal lymph nodes were enlarged, 
especially the perigastric, peripancreatic, and para-aortal ones, which appeared to be about 
2 by 3 em. in diameter, while the iliac, hypogastric, internal inguinal, and mesenteric lymph 
nodes were only the size of a bean. They were firm in consistency and permeated by grayish 
white nodules the size of millet seeds, the nodules being closely approximated in many places. 

The spleen weighed 500 Gm., showed fibrous adhesions, and on its cut surface were many 
miliary nodules almost indistinguishable from the follicles. The liver, partially covered by 
fibrous adhesions and weighing 1,700 Gm., was light yellowish-brown in color and indurated, 
offering the picture of a moderate degree of cirrhosis. The gall bladder was shrunken and 
contained a cholesterol-pigment calcium stone. The pancreas appeared to be normal. The 
adrenals were small. The kidneys together weighed 200 Gm. They were firm and light yellow 


in color. 
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Fig. 3.—One nodule after decalcification, showing foreign body giant cells surrouncing the site 
of the inclusions. 


a 
The uterus was small, measuring 5 by 38 cm. The corpus wall measured up to 0.5 em, in 


thickness. The tubes were 11 and 12 ¢m., respectively, in length and very thin. The ovaries 
were small and shrunken, the vagina was narrow, measuring 6.5 em. in cireumference. 


The femurs, ribs, sternum, and vertebras showed signs of osteoporosis. Two-thirds of 


the marrow in the femur consisted of light gray-red myeloid tissue while one-third was made 
up of fat tissue. 
Anatomical Diagnosis.—Abnormal height of the dorsum sellae with compression, exten 


sion, and atrophy of the pituitary stalk; atrophy of the pituitary gland; hypotrichosis; atrophy 
of the ovaries, uterus, tubes, and labia pudenda; atrophy of the breasts; atrophy of thyroid 
and adrenals (hypopituitarism); old tuberculosis of the lung apices with fibrous adhesive 
pleuritis; circumscribed bronchiectasis of the left lung; peculiar granuloma (?) in all lobes 
of the lungs, all internal lymph nodes (apparently) and spleen; chronic splenie twnor; 
cirrhosis of the liver; chronic cholecystitis and cholelithiasis; osteoporosis; hemorrhage in the 
nasal cavity; ecclhymoses in serous membranes; anemia. 

Bacteriologic Examination.—Cultures on Liwenstein medium taken from spleen, ly ph 
nodes, and bone marrow for tubercle bacilli were sterile after six weeks’ observation. Guinea 
pigs, rabbits, and chickens inoculated with the same tissues did not show any lesions «iter 


fifty-seven days. Guinea pigs inoculated with lymph nodes, spleen, liver, and lung of tlese 


above-mentioned animals showed no pathologic lesions after fifty-three days. 
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Microscopic Examination.—Lungs. There are numerous miliary nodules of variable 
appearance, Some consist of epithelioid cells, one or a few gviant cells similar to Langhans 
giant cells, and some round cells; frequently these are all intermingled, Other nodules are 
larger and contain dark violet inclusions (stained by hematoxylin), spindle, round, or rod 
shaped. Other nodules contain bodies suggestive of cholesterol crystals. The giant cells are 
intimately attached to these structures, as is typical of foreign body giant cells (Fig. 3). 
A number of nodules are surrounded by a thin wall of hyalinized fibrous tissue, while others 
appear to be fibrous also in the center, There is no tendency to conglomerate, though the 
nodules frequently appear close together. The final stage is a hyalinized scar containing recent 
nodules as well as calcified inclusions. These inclusions, which chiefly consist of caleium 
carbonate and calcium phosphate, also give a positive iron reaction, as shown in Turnbull 
blue sections. In some parts the alveolar septa are thickened, infiltrated with many lympho- 
cytes, and contain recent as well as older and partially hyalinized nodules. 
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Fig. 4. Fig. 5. 
Fig. 4.—Chromophobe adenoma of the anterior lobe with adjacent parenchyma, showing 
atrophy by compression. 


Fig. 5.—Anterior lobe of the pituitary gland, showing one nodule and fibrous atrophy of 
the parenchyma. 


Lymph Nodes. There are many apparently very recent nodules, together with old lesions. 
These nodules are small, round, and well-defined accumulations of epithelioid cells with or with- 
out lymphoeytes, similar to those in tuberculosis. Giant cells are sometimes present. Those 
With inclusions have darker stained nuclei and cytoplasm than cells without inclusions. Ocea- 
sionally inclusions surrounded by a hyaline capsule are seen. In decalcified sections it becomes 
evident that these calcified inclusions have a particular, possibly organic, base which persists 
after the calcium and iron salts have been dissolved by mineral acids. By fibrosis which starts 
in the periphery of the nodules in the form of a hyaline shell, the granulation tissue finally 
passes over into sear tissue. 

Liver. The liver shows a moderate degree of cirrhosis with small loose aggregations of 
epithelioid cells intermingled with a few lymphocytes, sometimes with giant cells, but without 
the sfore-mentioned inclusions. Fat stains reveal a slight, irregular, fatty infiltration. 

Spleen. There are microscopically small nodules, variable in appearance, with and with- 
out inclusions. There are also calcified inclusions lying free in the pulp. Small ill-defined 
groups of epithelioid cells apparently represent early stages of the process. The pulp appears 
slighily fibrotic, and the follicles are rare and atrophic. 

Pituitary Gland. Serial sections of the pituitary gland cut in a sagittal plane show a 
marsed excavation of the upper surface. In this region the cell cords of the anterior lobe 
appevr atrophic and run parallel, as is typical of compressed parenchyma of the anterior 
lobe. However, the pituitary cells in other parts of the anterior lobe also appear atrophic, 





144 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


being smaller than normal with the chromophilie cells evidently decreased in number. In 
especially atrophic parts the interstitial fibrous tissue appears thickened and hyalinized, In 
the middle of the anterior lobe there is a small chromophobe adenoma about 1.5 by 2 mm. in 
diameter (Fig. 4). The posterior lobe appears particularly small and is almost replaced by 
tiny nodules with giant cells and calcified inclusions. At the border of both lobes there are 
a few small colloid-filled follicles. The anterior lobe contains occasional little nodules in the 
anterior portions of the lobe (Fig. 5). The pituitary stalk is densely infiltrated with small 
nodules, and only microscopically small parts of the stalk are not destroyed Fig. 6). The 
capsule of the pituitary gland at the base of the organ is markedly thickened. The it 
fundibulum is likewise infiltrated by tiny nodules, and there are a few on the basal surface of 
the optic chiasma. The other parts of the floor of the third ventricle were dissected in serial 
sections, but no essential lesions were found in hematoxylin-eosin stained paraffin section, 
Other organs as thyroid, heart muscle, kidneys, and marrow did not show granulomatous 


lesions in the sections examined. 
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Fig. 6.—Pituitary stalk infiltrated by granuloma. The black spots represent calcified inclusions. 


DISCUSSION 


A ease of generalized granulomatosis, together with an endocrine disease 
characterized by genital dystrophia, cessation of the menses, hypotrichosis, and 
polyuria, has been described. The granulomatosis is characterized by tiny 
nodules made up of epithelioid cells, lymphocytes, and giant cells differing from 
those of tubereulosis. These nodules show, in contrast to tubercular ones, that 
the lymphocytes are frequently intermingled with the epithelioid cells; they do 
not undergo caseation; they have a particular tendency to get surrounded by 
a thin hyaline capsule; they have no inclination to coalesce; and they contain 
peculiar inclusions consisting of an apparently organic base impregnated by 
ealeium and iron salts, while other more rare inclusions seem to be cholesterol 
erystals. The inclusions give rise to foreign body giant cells, but in addition 
there are similar looking giant cells which reveal no relation to foreign bodies. 
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Inclusions, as well as giant cells, may be seen without other components of the 
eranulation tissue, which differs from the findings in any known specifie granu- 
loma except the granuloma in sareoidosis. This granuloma could easily be differ- 
entiated from tuberculosis not only by its particular histology as just described 
hut also by negative animal inoculation and cultures. 

The involvement of the pituitary and its stalk caused a pituitary disturbance 
characterized by cessation of menses (substituted, however, by monthly epi- 
staxis), loss of body hair, and polyuria. At autopsy the hypopituitarism mani- 
fested itself by atrophy of the ovaries, uterus, tubes, outer genitals, and breasts, 
and by atrophy of thyroid and adrenals and marked hypotrichosis. 

In addition to the destruction of the pituitary stalk and posterior lobe of 
the pituitary gland by the granuloma, another lesion was found that also might 
have played a part in the pathogenesis of the hypopituitarism. It was an un- 
usually high and steep dorsum sellae that compressed and stretched the stalk to 
an abnormal length. How mueh the ¢hromophobic adenoma in the anterior lobe 
influenced the picture is hard to say. It might have been compensatory in 
nature, owing to the atrophy of the anterior lobe, and thus without particular 
significance as to the development of the pituitary disease. 

Since the patient seemed to be normal up to 17 years, with regular menstrua- 
tion, the anomaly of the dorsum sellae might not have impaired to any great 
extent the function of the pituitary gland but the damage to the pituitary stalk 
might have created a ‘‘locus minoris resistentiae’’ where the granuloma easily 
established itself. On the other hand, the report of diabetes insipidus in other 
cases of sarcoidosis shows that an involvement of the nervous part of the hypo- 
physeal-diencephali¢ system is not necessarily based on a previous lesion of this 
region as deseribed here. 

After the granuloma had destroved the pituitary stalk and the infundibulum, 
the communieation between the pituitary gland and the vegetative centers in the 
hypothalamus was cut off, the result of which was the atrophy of the anterior 
lobe. As is known the separation of pituitary gland from the hypothalamus in- 
evitably leads to atrophy of the gland, especially the anterior lobe due apparently 
to the loss of nerve communieations with the vegetative centers in the floor and 
wall of the third ventricle, and also due to the interruption of channels carrying 
certain products of the pituitary glands (for instance, gonadotropiec hormone ) 
to the diencephalon (Kraus).* In view of the long duration of the sarcoidosis 
it is quite possible that the involvement of the pituitary region by the granuloma 
reaches far back and that the cessation of the menses might have been the first 
manifestation of the pituitary disturbance. But it is also possible that the pres- 
sure on the pituitary stalk by the anomalous dorsum sellae induced the pituitary 
disease, which was later much aggravated by the destructive granuloma. 

While the disturbance of the water balance certainly resulted from the fune- 
tional loss of the posterior lobe and pituitary stalk, the genital dystrophia with 
the hypotrichosis must be referred to the marked atrophy of the anterior lobe. 

The atrophy of the thyroid and adrenals also is a result of the pituitary in- 
Suficieney as is the generalized atrophy, including the osteoporosis. Since 
emiciation does not belong to the picture of sarcoidosis, one may suppose that 
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the generalized atrophy in this ease (the patient weighed only 46 kg.) was pi- 
tuitary in nature. 

The viearious menstruation from the nasal mucosa of many years’ duration 
is hard to explain when one considers the ovaries were entirely atrophie. The 
later profuse and finally fatal character of the epistaxis might be due to the 
thrombocytopenia. Since this symptom is not mentioned in other cases of 
sarcoidosis (while eosinophilia is quite frequent) a causal connection between the 
sarcoidosis and the blood lesion is not probable, nor is there particular reason to 
assume pathogenetic relations between the thrombocytopenia and the pituitary 
disease. 


SUMMARY 


A cease of sarcoidosis (Boeck-Besnier-Schaumann disease) in a woman 41 
vears of age has been reported. The following microscopic changes have been 
found characteristic of this granuloma: tiny nodules made up of epithelioid 
cells, giant cells, and round cells, the latter often intermingled with the epi 
thelioid cells; no tendency to coalesce but rather to be surrounded by a hyaline- 
fibrous capsule ; no tendency to caseation ; peculiar inclusions made up of ealeium 
and iron salts compounds deposited in an organie ground substance surrounded 
by giant cells; occurrence of inclusions, as well as giant cells, alone without 
other components of the granulation tissue, and finally, conversion into fibrous 
tissue. 

An endocrine syndrome characterized by genital dystrophia, cessation of 
menses (with vicarious menstruation from the nasal mucosa), hypotrichosis, 
polyuria, and generalized atrophy has been shown to be caused by the granuloma 
which has involved the infundibulum, the pituitary stalk, and the pituitary gland 
itself. An anomaly of the dorsum sellae with pressure on the pituitary stalk prob 
ably caused a locus minoris resistentiae for the granuloma. A chromophobe 
adenoma of the anterior lobe has been interpreted as a compensatory prolifera 
tion in an otherwise atrophic organ. A thrombocytopenia causing death could 
not be referred either to the sarcoidosis or to the endocrine disturbance. 
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TREATMENT OF CONGESTIVE HEART FAILURE IN AMBULATORY 
PATIENTS WITH AN ORALLY ADMINISTERED 
MERCURIAL DIURETIC* 





Junius Burstein, M.D., George Brown, M.D., ann CHarLES KLerx, M.D. 
New York, N. Y. 


i 1940 Batterman, DeGraff, and Rose reported the satisfactory use of an 
oral preparation of salyrgan-theophyllinet in hospitalized patients suffering 
from congestive heart failure! 

It seemed desirable to test the efficacy of this preparation in the treatment 
of ambulatory patients with congestive heart failure who ordinarily required 
the frequent administration of intravenous mercurials for maintenance. This 
study was conducted with patients attending the Morrisania City Hospital 
Cardiae Clinie. 

SUBJECTS, MATERIAL, AND METHODS 


Nine patients were selected from a group of 20 who were being treated 
for congestive heart failure in the out-patient elinic. In all these patients symp- 
toms and signs of failure were not controllable by means of digitalis and the 
usual oral diuretics (ammonium ehloride, aminophylline) alone, but adequate 
diuresis was obtained by means of intravenous injections of mercurial diureties.¢ 
These patients, all ambulatory, had been carried adequately, i.e., nocturnal 
dyspnea, edema, and weight had been controlled, with one or two weekly injee- 
tions intravenously of 2 
few months to three vears. Of this group of patients, 9 were selected for treat- 


«ec. of a mercurial diuretic, for periods varying from a 


ment with the oral preparation of salyrgan-theophylline.t The other 11 patients 
could not be taken off intravenous mercurial therapy, since the severity of their 
syiuptoms did not permit any change of regimen. 

Of the 9 patients studied, 6 were men and 3 were women. The age range 
was from 41 to 69 years: 4 patients suffered from both arteriosclerotic and hy- 
pertensive heart disease, 2 from arteriosclerotic heart disease, one from hyper- 
tensive heart disease, and 2 from rheumatic heart disease. The urines of all 9 
patients, on repeated examinations, showed normal variability in specific gravity, 
and yielded no pathologie microscopic findings. Bloed chemistry determinations 





were all normal. 
lor two weeks prior to the change from intravenous to oral mercurial 
therapy, the 9 patients reported to us, on printed instruction sheets, their urine 
outputs for the twenty-four-hour period immediately following the mercurial 
From the Cardiae Clinie of the Morrisania City Hospital, Bronx, N. Y. 
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injection, and for the twenty-four-hour period just preceding the next injection. 
This last figure represented the daily output without the influence of a mercurial 
diuretic, since the measurements were made several days after the effect of the 
drug had worn off. The patients were instructed to restrict their fluid intakes 

1,000 ¢.c. daily. They had been receiving 4 to 6 Gm. of ammonium chloride 





daily as long as they had been on intravenous mereurial therapy. 


TABLE I 


oe DAILY paar 
F OUTPUT OUTPUT 
TYPE OF WEIGHT | WEIGH OUTPUT 
a ao | WITHOUT i AFTER ; 
NAME AGI SEX HEAR’ BEFORE AFTER AFTER ” REMARKS 
fine MERC, bs INTRAV. 
DISEASI S.T.O. S.T.O. =yy ie 
DIUR. MERC, { 
C.C, ) 
(305) (C653 
Oe es OO M sf Arteriosele rie 207 1,000 1,500 2.500 Diarrhea 
rotie and 
hyperten ; 
sive 
° 
D.S. 19 KF Hypertensive 1-168 166 1.000 8000 £500 |Onset of diu a 
resis slow ‘ 
2-170 171 1000) |Not re Severe cramps v 
ported and diarrhea 
r 
D.O. a0) M \Arteriosele i-ivo 175 SOU 1,250 2,000 Mild cramps 0 
rotic and diarrhes 
2-181 IS] 1.000 1,100 No side effeets 
2-182 178 1,000 2,000 Severe cramps : 
and diarrhea I 
_ ™ i ” — 2 t] 
ra! W. deo M Rheum ite l 16] 162 1.000 1.250 2,000 No side effects 4 
and arterio 2-155 146 1,000 1.000 No side effects ll 
sclerotic 3-1] 147 TOU 2,200 No side effects mM 
} Not re 
ported 
D Not re 
di 
ported 
: : . Se = : th 
Car 1] KF |/Rheumatie 1-154 152 1,250 3.750 |Not re Cramps and 
ported diarrhea 
2-152 15] 1,250 2,750 Cramps and 
diarrhea 
D. 8S. 67 I" \rteriosele 159 157 750 1,000 2 O00 No. side effects, e]] 
rotie and but did not mn 
hyperten feel as @¢O! 2 
sive fortable as In 
after intra Vo 
venous met! 
curial tal 
dit 
a a 60 M Arteriosele 202 LOY 2 COO 5,600 Not re No side effects 
rotie and ported the 
hyperten . int 
sive 
i) 
J. Q; OY M /Arteriosele 142 142 1,500 1,250 Not re Cramps and t} 
rotic and ported diarrhea i 
hyperten 
sive 
A. N. O4 M Arteriosecle 1-166 164 550 $000 5,500 |No side effects 1. ! 
rotic 2-164 163 550 1.000 | |No side effects 


Then, still keeping the patients on the same fluid intake, and maintaining 
the administration of ammonium chloride as before, the patients were given 


9 tablets of oral salyrgan-theophylline immediately following breakfast on ‘he 
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day of administration, in place of the intravenous mercurial injection. Again 
the patients were instructed to measure and report the urine output for the 
twenty-four-hour period immediately following the oral administration of this 
preparation, and again for the twenty-four-hour period before the next dose. 
During this study the patients were weighed just before the tablets were given 
and again forty-eight hours later. 


The results of this study are shown in Table I. 
ANALYSIS OF RESULTS 


The 9 patients studied received oral salyrgan-theophylline a total of IS 
times. The results were not reported three times, leaving a total of 15 reportable 
trials. 

Of the 9 patients studied, one (one trial) showed a decrease in urinary 
output, about 15 per cent less than when not under the influence of a mercurial 
diuretic. One patient (two trials) showed no change in output. The other 
7 patients (12 trials) all showed an inerease in urinary output over that observed 
when not influenced by the administration of a mercurial diuretic, the increase 
ranging from 10 to 68 per cent; 7 trials showed an increase of 100 per cent or 
over; 5 trials, an increase of less than 100 per cent. 

All 9 patients reported a greater increase in urinary output after receiv- 
ing intravenous mercurial than was obtained by the use of oral salyrgan- 
theophylline. Of 8 measured results after intravenous injection, the range of 
increase was 66 to 900 per cent, with 7 showing an inerease of 100 per cent or 
more and one an increase of 66 per cent. 

Six of the 9 patients developed cramps or diarrhea or both after one to three 
doses of oral salyrgan-theophylline, which were severe enough to require that 
the medication be discontinued. 


SUMMARY 


Nine patients in congestive heart failure, attending an out-patient cardiac 
clinic, who were known to be well controlled by administration of intravenous 
mercurial diuretices, were given instead, an oral preparation of mercurial diuretic 
ina study to determine the usefulness of this medication in ambulatory patients. 
Seven of the 9 patients (77.7 per cent) showed an increase in urinary output after 
taking this preparation, as compared with their output when no mercurial 
diuretic was given. In no case was the increase in urinary output as great as 
that resulting when the usual dose of a standard mercurial diuretic was given 
intravenously. Side reactions, chiefly cramps and diarrhea, occurred in 6 of the 
9 patients (66.7 per cent) and necessitated discontinuance of administration of 
the oral mereurial preparation. 

REFERENCE 


1. Batterman, R. C., DeGraff, A., and Rose, O. A.: Treatment of Congestive Heart Failure 
With an Orally Administered Mercurial Diuretic, Am, Heart J, 21: 98, 1940. 








ADENYLIC ACID AND BACTERIAL GROWTH 





SAUL CASPE AND A. G. OSLER* 
New York, N. Y. 


IRECT bacterial infection of the livine muscle tissue is not a common 


phenomenon. Due to its anatomic position the only avenues for muscular 


infection are through the lymphaties or the blood circulation. Because the 


latter have their own protective mechanisms, the muscle is thus usually spared 
from infection. In addition to the above, we believe that the chemical changes 
and end products occurring during muscular metabolism are inimical to bae 
terial growth. 

In the production of experimental streptococcic arthritis in rabbits, Had 
jopoulos' and Burbank demonstrated that, whereas the bone marrow, mus 
cular sheaths, and even tendons were infiltrated with streptococci, there was 
no evidence of the invasion of the muscle tissue. Ammonia and lactie acid are 
known to be inimical to bacterial growth. However, their concentration in thi 
muscle is not sufficient to inhibit the growths of certain types of bacteria. 

The work of Lutwak Mann? showed that washed suspensions of Esch. colt and 
of other Bacteriacea dephosphorylated and deaminated adenosine triphosphoric 
acid, and adenylie acid. These reactions occurred with fresh suspensions as well 
as with those treated with toluene, and these faets have led Lutwak Mann and 
others to the conclusion that these reactions are due to bacterial enzymes. 
What effect the adenine compounds and their dephosphorylated and deami- 
nated derivatives have upon the growth of various types of bacteria was not 
determined. In order to obtain this information, we devised preliminary 
experiments. 

Our plan, therefore, is to study the effect of adenylie acid upon the growth 
of various types of bacteria. The usual in vitro experiments do not correspond 
to the conditions that obtain in normal physiologic processes of the living 
organism. We desire to approximate these normal body conditions. The work 
of Freedman and Funk* offered application in this connection. These investi- 
gators were able to inhibit the growth of bacteria in beef heart broth shaken 
with charcoal. They postulated the theory that by this procedure a new vitamin 
was adsorbed upon the charcoal, a vitamin necessary for bacterial growth. By 
this method, we are afforded an opportunity of observing bacterial growth in a 
media partially depleted of a baeterial vitamin, and this experimental condition 
might simulate the conditions occurring in certain parts of the human body. 


EXPERIMENTAL 


We compare the growth of B. coli, Staphylococcus aureus, Streptococcus 
hemolyticus and viridans on (1) starvation media: (2) beef heart infusion: 


(3) beef heart infusion after treatment with charcoal: (4) beef heart infusion 


*Consulting chemist and bacteriologist, New York. 
Received for publication, May 1, 1942. 
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after treatment with charcoal and addition of 0.2 per cent adenylic acid; and 
(5) starvation media with addition of 0.2 per cent adenylie acid.* 

The inoculum for all tests is prepared as follows: Individual organisms 
are grown in broth culture and are seeded onto agar slants (eighteen hours’ 
erowth). The growth is washed with saline, centrifuged, and, again washed 
four or five times. Then a dilute suspension of the growth is inoculated into a 
flask containing 10 ¢.¢. of media. The flasks are incubated for ninety-six hours. 
They are then centrifuged in Hopkins tubes and read. Table I gives the re- 
sults of this experiment. 





TABLE I* 
Butt. 
— _— AFTER G.S.S. 
GLUCOSE 
i err sida B.H.I. B.H.I. AFTER CHARCOAL PLUS 
96 HR. GROWTH SALT ; aa 
’ (DIFCO) CHARCOAL PLUS ADENYLIC 
SOLUTION 
ADENYLIC ACID 
ACID 
3. coli No growth| B.C.-3.5B | B.C, -1.23B | No growth | No growth 
H.T. —0.065 H.T. —-0.01 | | 
Streptococcus hemolyticus | No growth | Heavy growth| Very light growth | No growth | No growth 
Streptococcus viridans No growth | Heavy growth} Very light growth | No growth | No growth 
Staphylococcus aureus No growth | H.T. —0.087 H.T. —0.01+ | No growth | No growth 
*B.C.—Bacteria in billions per cubic centimeter. H.T.—Height of tube. B.H.1.—Beef 


heart infusion. G.S.S.—Starvation media. 


Using a similar procedure the growths of B. coli in beef heart infusion, 
and with 0.2 and 1 per cent adenylie acid are determined. The results are 
given in Table IT. 

TABLE I] 


24 HR. aes (eine B.H.I. PLUS 0.2% B.H.I. PLUS 1.0% 0.5% ADENYLIC ACID 
Potted. | rt ) 

GROWTH ADENYLIC ACID ADENYLIC ACID — | (CONTROL ) 

B. coli H.T. —0.028 H.T. —0.022 H.T. —0.007+ 


~0.001+ (sediment) 
The concentration of adenylic acid used in our experiments is probably 
comparable to the content of adenine compounds of the muscle. The work of 
at least two workers in this field can be used as reference for sueh eomparison.* ° 
It is demonstrated that adenylie acid inhibits the growth of ordinary types 
of bacteria. 
We are indebted to Dr, L. G. Hadjopoulos for his cooperation in these experiments. 
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174 West 238 STREET 
The glucose-salt mixture, which represents our starvation media, is made according to 


. reccman and Funk. The beef heart infusion is Difco. It is treated with 10 per cent charcoal, 
ana (ie infusion is heated on a boiling water bath for ten minutes, filtered, and sterilized. 




















FATAL SALMONELLA 





REPORT OF A CASE 


W. E. Bray, M.D... ano J. M. Merepiru, M.D. 
University, Va, 


LINICALLY and bacteriologically the Salmonella group presents many 


problems. 


Clinically, some species or types, as, for example, S. paratyphi or B. para- 


typhosus A, infect man only and cause prolonged fever and symptoms indis 
tinguishable from typhoid fever; others, like S. aertrycke, cause chiefly gastro 


intestinal upsets, with sudden onset and short duration, ealled food poisoning, 
and are found in both animals and man; and still others, which rarely if ever 


infect man, like S. pullorum, which eauses white diarrhea of chickens, are im 
portant only economieally.' 


Bacteriologieally, there is not only variation in the cultural characteristics, 


such as in the fermentation of the various sugars, but there is marked variation 
in the antigen components and consequently in the serologic reactions. Follow 


ine the work of White? (1926-1929) and of Kauffmann? (1929-19384) and of 


later workers® in antigen analysis, so many species or types have been described 
that Jordan and Burrows,‘ in their recent edition of their Tertbook of Bac 
teriology, consider that simplification is essential. 

The organism cultured from the case here reported was morphologically 
and culturally like one of the Salmonella group, especially S. enteritidis, and 
was agglutinated to a moderate titer with antisera of S. aertrycke and S. schott- 
milleri, but only very slightly with antiserum of S. enteritidis. Because ot 
these findings and because of the unusual clinical picture, the culture was sent 
to the Salmonella Typing Station, located at the University of Kentucky, Lex- 
ington, Ky., for identification of the type of the Salmonella. Dr. P. R. Edwards, 
bacteriologist, Department of Animal Pathology, who has kindly given us per- 
mission to use his reports, found the culture to be S. sandiego, the antigenic 
formula of which is IV, V: eh enz,;. 

S. sandiego was first deseribed by Kauffmann,’ who studied the S. chester 
group and, on the basis of the structure of the H antigen, particularly the f 
phase, divided the group into two serologic types: S. chester and S. sandieyo. 

To the S. sandiego type belong: 


1. Two original cultures isolated by Professor kK. F. Meyer of San Fran- 


cisco from a ease of food poisoning in an outbreak at the San Louis Rey Mission, 
*From the Departments of Clinical Pathology and of Neurological Surgery, University of 


Virginia Hospital and School of Medicine, 
Received for publication, May 27, 1942. 
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where two hundred persons suffered from severe abdominal pain accompanied 
by vomiting and diarrhea. Most patients recovered within one to two days, but 
some were ill for ten days or longer. 

2. An old laboratory culture, No. 1254, isolated in 1929 in Denmark and mis- 
taken for S. reading. 
3. Culture CB 42/2, isolated from a healthy pig by Professor E. Hormaeche 
of Montevideo, Uruguay. 

4. Culture b641, obtained from a human being by Professor Hormaeche. 

®. Culture 123, obtained by Dr. P. R. Edwards, Lexington, Ky. 

The antigenic formulas for these strains are given in Table I, te whieh 
we have added the formula for our strain, as determined by Dr. Edwards. 


TABLE I 


STRAIN ANTIGEN FORMULA 
Original IV, XI] eh enz,. 
1254 IV, XII eh enzZ,. 
Ce 42/2 PY "Vo el el enz,, 
641 TV, Vv, eh enZ, 
123 EVV, 5 eh enz,, 
UVa IV. V ch enz, 


Dr. Edwards® has typed 17 eultures of S. sandiego: four from animals, one 
from sewage, and 12 from man. 

The most unusual feature of the following case is the localization of the in- 
fection in the subdural space, forming an abscess. The Salmonella infections 
tend to loealize in the bones, joints, and other tissues,’ and certain members 
of the Salmonella group, notably S. enteritidis or Giartner’s bacillus, have fre- 


quently been reported as causing meningitis. 


PRELIMINARY NOTE 


Baby R. M., Jr., a white male infant, aged 44% months, University of Virginia History 
No. 163058, was admitted April 2, 1941, and died April 16, 1941. 

The child was born at the University of Virginia Hospital on Nov. 12, 1940, and 
remained until Dec. 31, 1940. He was a premature child (seven months), forceps being re 
quired for delivery. His birth weight was 2,185 Gm. When discharged (Dee, 51, 1940) he 
Was in good condition (weight 2,975 Gm.), although his head was observed to be large, even 
at that time. At birth the cireumference of the head was $5.5 e¢m.; normally it is 54.7 em. 

The child was next seen on April 1, 1941 (aged 444 months) in the pediatric out-patient 
department. He appeared to be very ill. His temperature was 102.2° F. (reetal). The eit 
cunference of his head was 53.2 em. (normal, 40.5 em.), it being tremendously enlarged. 
He had vomited for two days previous te his visit to the clinic. 

Examination at that time (April 1, 1941) revealed what appeared to be marked hydro 
cephalus (Fig. 1). The fontanelles were very large and the cranial sutures were widely sepa 


rated, The child gazed downward constantly in a typically hydrocephalie appearance. 


REPORT OF CASE 


The following day (April 2) the child was admitted to the hospital on the neurosurgical 
ser. ce for study and possible operation, with a temperature of 105.2° EF. (reetal). Each 
lateal angle of the anterior fontanelle was aspirated and very sanguineous, somewhat purulent, 
fui’ was obtained. This fluid contained 46,900 R.B.C., and 1,980 W.B.C. per cubie millimeter, 
The following day (April 3) the erythrocytes of the aspirated fluid were diminished in number, 
but the white blood cells were considerably increased (27,300 R.B.C.: 8.400 W.B.C., 84 per 











appeared frankly purulent, with no gross blood discernible. 


y. 


Fig. 1.—Photograph of the vatient (twenty-four hours after the first aspiration of fluid 


through the anterior fontanelle) taken on the day after admission to 


the eyeballs so often seen in hydrocephalic infants. 


TABLE II 


’ 


ordinary pyogenic bacteria were the cause of the infection. 





1941). Note the very large head, the engorged scalp veins, and the typical downward gaze 0 
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cent P.M.N.); one week later (April 10) the fluid was very cloudy and contained only 680 
R.B.C, but 30,150 W.B.C. per cubic millimeter. Two days before death (April 14) the fluid 
aspirated through the anterior fontanelle contained 42,600 W.B.C. per cubie millimeter and 


Examination of the fluid aspirated through the fontanelle on two occasions, for the 


presence of tumor cells was negative (hematoxylin and eosin stain of centrifuged specimen). 


the hospital (April 


The blood and ventricular fluid Wassermann reactions were negative. Urinalysis revealed 
many large granular pseudocasts but no red blood cells and no albumin or sugar. An occasional 
white blood cell per high-power field was seen. Blood counts are shown in Table II. 


ve HEMOGLOBIN R.B.C. 
DATE Of : O/ ; ; W.B.C. 
(GF) (GM. %) ( MILLIONS ) 
4/ 3/41 6-2 95 | 3.03 9,300 
(Day after admis- P.M.N. 28%, Lymph 67%, Mono. 
sion ) o% 
4/ 6/41 | 65 10.0 5.08 21,000 
4/ 8/41 4.16 19,200 
4/11/41 3.84 11,200 
4/14/41 3.16 34,500 


Bacteriologic Examination of Removed Intraventricular or Subdural Fluid. 
—This was done on several occasions. It soon became evident that none of te 


A Salmonella-l'<e 
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organism was isolated, designated Salmonella sandiego, constituting the first in- 
stance of an intracranial infection from this organism in our experience. 

Course mm the Hospital.—The child’s condition, as might be expected, was 
precarious at all times. He died two weeks after admission. His terminal tem- 
perature was LOL° F (rectal), the temperature readings fluetuating widely, the 
highest reading being 105.2° I. (veetal) the day after admission. The anterior 
fontanelle remained very tense at all times except immediately after aspiration. 
Convulsions occasionally occurred.  Sulfathiazole, sulfapyridine, and trans- 
fusions of blood were given. Cheyne-Stokes respiration and eyanosis were fre- 
quently observed. The immediate cause of death was respiratory failure in- 
cident to the overwhelming intracranial infection. A post-mortem examination 
could not be obtained. 

DISCUSSION 


An intracranial infection from the organism identified in this ease (NS. san- 
diego) is very rare. It is possible that the child had a primary (congenital) 
hydrocephalus on which was engrafted the Salmonella infeetion, since the 
child’s head was enlarged at birth. Interest also centers on the exact location 
of the intracranial infection. Was it primarily intraventricular or subdural? 
The impression of one of us (J. M. M.) who observed the child daily in the ward 
was that it was primarily subdural, although this can never be proved con- 
clusively since no burr openings were made over the cerebral hemispheres and 
no post-mortem examination was permitted. It is also quite conceivable that the 
intracranial involvement began as a purulent meningitis from a primary infee- 
tion elsewhere in the body (gastrointestinal traet) or from a blood stream infee- 
tion, proceeding on to gross intraventricular infection (purulent ependymitis ) 
and subdural infection as well. 


EPIDEMIOLOGY 


Efforts were made to determine the manner in which the infant might have 
obtained sueh an unusual infection. Dr. T. S. Englar, Director of the Joint 
Health Department of the County of Albemarle (Va.) and the City of Char- 
lottesville, kindly instituted a survey of the child’s home environment in a 
nearby country district. His department found that the child had not been 
breast fed. The mother had been very careful to boil all milk before feeding 
the baby. 

The baby’s diet had consisted of boiled milk with Karo syrup added, as well 
as orange juice and water. He had been fed entirely by bottle and nipple, which 
Were consistently washed and boiled. The milk was usually boiled each morning 
and night, 

The baby’s mother continually complained of feeling bad, with headache 
and nausea, frequently not eating at mealtimes. She did not complain of diar- 
rhea or dysentery at any time so far as is known. 

The water supply was from two open springs. Samples of water from 
these springs were examined in the laboratory of the Department of Preventive 
Medicine and Bacteriology, University of Virginia, Dr. G. M. Lawson. director. 
The sample from one spring showed a count of 18 colonies per cubic centimeter, 
wit’) B. coli and B, aerogenes confirmed in three tubes of 10 ¢.c, each: from the 














156 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


other spring, 88 colonies per cubic centimeter, with B. aerogenes confirmed in 
one tube of 1 ¢.¢.. and two tubes of 10 ee. 


The sewage was disposed of through a pit-type toilet located so as not to 


contaminate the water supply. 

The home milk supply was from two cows. One had been sold before the 
health department survey was made; bacteriologie analysis of milk from the 
udders of the remaining cow (collected directly into a sterile bottle) showed a 
count of 56,000 with no lactose fermenters. 


SUMMARY 


A fatal intracranial infection due to Salmonella sandiego, an uneommon 
tvpe of the genus, is reported in an infant. 

A list of the reported cultures of this type, with their antigenic formulas, 
is given. 

This appears to be the first report of this organism since the original de- 
seription of the type. 

Addenda.—Since this paper was prepared, another case of infection with 
S. sandiego in which localization of the infection occurred in the right kidney, 
and apparently also in the degenerated and necrotic areas of a large uterine 
fibroid, has been treated in the University of Virginia Hospital. The course of 
this illness, extending over a period of seventy-six days, was septic in character 
with blood stream infection, and recovery began apparently only after the in 


fected foci were removed by surgery. 
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EEFEFECT Ok IN.J ECTION OK TISSUE BXTRACTS ON THE NUMBER OF 
BLOOD PLATELETS* 


ALFRED UIHLEIN, M.D., RocuHesrer, MINN. 


HIS investigation was stimulated by experiments® '-?! which indieated that 

a thrombovytolytie agent, *‘thromboeytopen,’’ can be extracted from spleens 
of patients who have idiopathic hemorrhagie purpura and was undertaken at 
the suggestion of Dr. H. Z. Giffin and Dr. J. deJ. Pemberton. Some reports in 
the literature demonstrated that a substance can be isolated which not only 
decreases the number of cireulating blood platelets of animals,? '* 1!" but even 
alters the normal configuration of the megakaryocytes when cultured in 
vitro.’*'* The thromboevtolytie substance apparently reduces the number of 
platelets, but experimentally, it does not produce purpura. During the progress 
13 


of this study, several investigators’ *!°!'% reported their inability to isolate 


thromboeyvtopen, while others confirmed its presence.” * ' 


METHOD 


For the purpose of investigation, extracts of 28 spleens, together with normal 
hepatie and lymphoid tissue from one patient, were prepared. Thirteen spleens 
were from patients who had idiopathic hemorrhagie purpura, five from patients 
who had hemolytic icterus, five from those who had Banti’s disease, and one 
from a patient who had Hodgkin's disease. There were four normal spleens. 
All but three of the spleens were obtained from the operating room, and each 
was prepared for extraction within thirty minutes after splenectomy. Three 
spleens and the hepatic and lymphoid tissues were obtained within an hour and a 
half after death. 

The tissues were extracted according to the procedure outlined by Troland 
and Lee.*! Briefly, each tissue was ground in a medium-fine meat grinder and 
weighed. It was then placed in a jar containing acetone, the volume of which 
Was twice the weight of the tissue. The container was sealed and permitted to 
remain at room temperature for about four weeks, gently agitated at least once 
a day. Three spleens were extracted in commercial acetone, while all other 
tissues were placed in reagent acetone. After extraction the mixture was filtered 
and centrifuged. The acetone then was removed by distillation. The residue 
Was brown and gummy. It was mixed with a sufficient amount of distilled water 
to make 1 ¢.e. represent 1 Gm. of tissue. This aqueous mixture again was filtered 
and the filtrate was placed in the refrigerator where it remained for about two 

*From the Mayo Clinic, Rochester. 

\bridgment of thesis submitted to the faculty of the Graduate School of the University 


* Minnesota in partial fulfillment of the requirements for the degree of Master of Science in 
Surg. ry 


Work done in the Institute of Experimental Medicine, the Mayo Foundation, Rochester. 
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weeks. If a precipitate formed, gentle agitation and passage through a Zeiss 
filter cleared the filtrate. A preservative was not added.* 

At first, experiments were conducted on rabbits that averaged 2 kg. After 
a few experiments, however, rabbits were rejected because it was difficult to 
obtain control platelet counts from them, and rats weighing 200 Gm. (Wistar 
strain) were used. Control platelet counts were carried out for from one to 
three days prior to injection of the extract. Usually 1 ¢.c. of the extracted mate- 
rial, the equivalent of 1 Gm. of tissue, was injected intravenously ; however, 
as much as 20 ¢.c. were given. Subcutaneous and intraperitoneal injections also 
were tried in a few instances. Following intravenous injection the number of 
platelets was determined at hourly intervals for the first six hours, and there- 
after, every six hours until no further variation in the number of platelets was 
noted. Each animal received only one injection. 

The method used for counting the platelets differed slightly from that of 
Troland and Lee.*! A 2 per cent solution of sodium citrate in normal saline 
solution, as described by Ottenberg and Rosenthal but modified by the Division 
of Clinical Pathology of the Mayo Clinie, was used instead of the Rees-Keker 
solution, as the latter diluent contained too many platelet-like artifacts. The 
solution of sodium citrate contained 2.26 Gm. of sodium citrate, 1.8 Gm. of 
sodium chloride, and 220 ¢.c. of distilled water. The solution was thrice filtered 
into a sterile flask. The diluent was always freshly prepared and was used at 
room temperature. 

Blood was obtained by cutaneous puncture of the ear of the animal. The 
first few drops were disearded,* ® and specimens were not collected unless the 
blood flowed freely without compression of the ear. However, gentle compres- 
sion of the ear was at times necessary after injection of the extract beeause the 
blood flow was decreased; the cause of this was not apparent. The blood was 
drawn up to the 0.5 mark in an erythrocyte pipette and diluted to 1.1 with the 
solution of sodium citrate. This mixture was agitated gently by hand for three 
minutes. Following a five-minute quiescent period a third of the contents in the 
bulb of the pipette was expelled, and succeeding drops were carefully placed 
under each half of the cover slip on a modified Neubauer counting chamber. 
The chamber was then placed on a moistened piece of filter paper in a Petri dish 
for ten minutes to avoid desiccation and to permit settling of the cells. The 
number of platelets and erythrocytes in eighty small squares was counted with 
a high power objective and a 10« ocular. Computation was made in the usual 
manner. Only a variation of +200,000 in each count was considered significant. 


RESULTS 


Extracts of 28 human spleens, and one extract of hepatie and one of 
lymphoid tissue were prepared. Of these, four spleens, the liver and lymph 
nodes were obtained as controls. Various responses were obtained. The first 
two spleens extracted were from patients who had idiopathic hemorrhagie pur- 
pura; these spleens were only slightly larger than normal (Table I). The ex- 
tracts of these two spleens, when injected, produced a dramatie fall of number 
of thromboeytes of the first rat from a preinjection level of 700,000 in each eul 

*I wish to express my appreciation to Dr. A. E. Osterberg for his assistance in preparation 
of the tissue extracts. 
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millimeter of blood to 40,000 in twenty-four hours (Fig. 1). Blood smears, 
stained with Wright’s stain, confirmed the presence of thrombopenia. The 
thrombopenia was prolonged for seventy-two hours, after which the number of 
platelets gradually returned to the preinjection level. Moreover, injection of 
these extracts was followed by a similar response in eleven other normal rats, 
each of which weighed 200 Gm. All the animals appeared ill at the height of 
the thrombopenia. At the end of approximately a week these extracts became 
extremely toxie. Subsequently all animals died within six hours after the 
injection.'' Hemorrhage or purpurie spots did not appear, nor could any 
definite change be noted in the bleeding or coagulation time. The number of 
erythrocytes did not vary significantly. 


TABLE |] 
CASES IN WHICH THE SPLEEN WAS EXTRACTED 


WEIGHT OF 


hha TISSUE 
CASE SEX CONDITION 
EXTRACTED 
(GM. ) 
| IK Hemorrhagic purpura, idiopathic 115 
2 M Hemorrhagic purpura, idiopathic 110 
3 i Hemorrhagie purpura, idiopathic S0) 
} I Hemorrhagic purpura, idiopathic 9() 
is I Hemorrhagic purpura, idiopathic 55 
6 KF Hemorrhagic purpura, idiopathic 64 
7 I Hemorrhagic purpura, idiopathic 120 
8 k Hemorrhagic purpura, idiopathic 100 
9 M Hemorrhagic purpura, idiopathic LEG 
10 i Hemorrhagic purpura, idiopathic 104 
17 M Hemorrhagic purpura, idiopathic 95 
12 i Hemorrhagic purpura, idiopathic 78 
13 | Hemorrhagic purpura, idiopathic 195 
14 | |Hemolytic icterus 363 
15 I Hemolytic icterus LSS 
16 I [Hemolytic icterus 160 
17 M Hemolytic icterus 160 
18 M Hemolytic icterus 180 
19 M Banti’s splenomegaly 350 
20 M Banti’s splenomegaly 320 
21 M Banti’s splenomegaly 300 
22 M Banti’s splenomegaly 382 
23 M |Banti’s splenomegaly 282 
24 | M Hodgkin’s splenomegaly (grade 4 sarcoma type) 590 
25 K Normal spleen 36 
26 | ‘Normal spleen 140 
27 | Normal spleen 125 
28 |Normal spleen 125 
29 Normal liver $9() 
Normal lymph nodes 25 


Three other extracts of spleens obtained from patients who had hemorrhagic 
purpura produced only a small transitory decrease in the circulating platelets in 
six llours; one other extract of a spleen from a patient who had hemolytic ieterus 
produced a definite decrease in the number of platelets, which lasted only a few 
hours. None of these produced the striking thrombopenia of the first two ex- 
tracts (Fig. 1). These extracts, however, never became toxie, although several 
animals received injections. The extracts from the remaining tissue did not 
produce any significant decrease of the number of blood platelets or erythrocytes 
atte, injection (Fig. 1). Even injection of larger amounts of the extracts, as 
hig! as 20 ¢.e, failed to reduce the number of platelets. However, all animals ap- 
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peared apathetic for short periods after the injections, a result suggestive of an 
indeterminate type of reaction. 
COMMENT 


Although thromboeytopen could not be extracted consistently from all the 


spleens of patients who had hemorrhagic purpura, its presence was indicated in 
some of them. Five extracts of the 13 spleens from patients who had idiopathic 
hemorrhagic purpura produced a certain amount of thrombolytic activity. 
Moreover, one of five spleens from patients who had hemolytic ieterus apparently 
contained a thromboeytolytie substance (Table II). The fact that all animals 
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Fig. 1.—Effect of injections of various tissue extracts on the circulating blood platelets of the 


albino rat. 


were apathetic after the injection of the extracts suggests an anaphylactoid re- 
sponse, probably nonprotein in nature since the acetone is believed to remove 
all the protein. The extracts were impure and the lipoid fraction may have 
contained substances which produced this effect. 

Neither extraction with reagent acetone or with commercial acetone nor 
distillation of the acetone fraction by various methods seemed to influence the 
thrombolytic activity of the extraets. 

No explanation can be given for the toxie manifestations encountered with 
the first two extracts used. Dilution of the material and filtration through a 
Zeiss filter failed to diminish the toxicity. It is not likely that failure of the 
number of blood platelets to decrease could be attributed to the citrate solution. 
Platelets counted after dilution with a 2 per cent solution of sodium citrate re- 
mained consistently constant prior to injection, and this result suggested tliat 
the method was satisfactory. With the Rees-Ecker stain a platelet count tha‘ is 
too high rather than too low is likely to be obtained. 
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Rats were used instead of rabbits principally because the control platelet 
counts were more constant and because these animals were more available. 
Since most of the data in the literature on this problem were derived from ex- 
periments on rabbits, some investigators may criticize these results as ineom- 
parable with the results of earlier studies. It is doubtful, however, whether the 
iype of laboratory animal used is a factor in influencing the results, since rabbits 
also were given injections of the extracts in the first few experiments. With 
rabbits the response of the platelets was not unlike that found among rats. 


TABLE II 


RESPONSE OF PLATELETS TO INJECTION OF TISSUE EXTRACT 


CASES IN WHICH SPLEEN WAS EXTRACTED DECREASE IN NUMBER OF PLATELETS 
100,000 LESS THAN 
CONDITION NUMBER 
AND MORE 100,000 
Idiopathic hemorrhagie purpura 13 5 Ss 
Hemolytic icterus 5 1 { 
Janti’s disease 5 5 
Normal spleen | 4 
Normal liver l l 


SUMMARY 


The results of this study neither clearly demonstrate nor definitely deny 
the existence of a thromboeyvtolytic substance, *‘thromboeytopen,’’ in extracts 
of spleens from patients who had idiopathie hemorrhagie purpura. Because of the 
inconsistency of the results, the study indicates that a better method of extrae- 
tion is essential. Twenty-eight spleens, liver tissue, and lymphoid tissue were 
obtained from patients and the thromboeyvtolytie substance was extracted. 

Thirteen spleens from patients who had hemorrhagie purpura were ex- 
tracted. Extracts from two produced a considerable drop in the cireulating 
blood platelets; in three they produced a moderate decrease, while the rest gave 
no response. Five spleens from patients who had hemolytie icterus were ex- 
tracted; the extract of one spleen apparently lowered the number of platelets. 
This response was repeated in other animals and was not eliminated by heatine 
the extract. 

The decrease of the number of platelets and the lethargic state of the animals 
after injection suggested the presence of anaphylaxis or a histamine-like reaction, 
since the symptoms appeared shortly after administration of the extraet and dis- 
appeared within a few hours. 
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PRELIMINARY REPORT ON THE TREATMENT OF BACTILLARY 
DYSENTERY WITH SUCCINYL SULFATHIAZOLE* 


EnGar J. Porn, Pu.D., M.D., Beacn M. CHrenowern, Jr., M.D., AND 
EK. Louis Knotts, M.D., BALTIMORE, Mp. 


HE introduction of sulfonamide therapy has been the most significant recent 
advance in the treatment of bacillary dysentery. The dysentery organisms 


are particularly susceptible to the antibacterial action of several members of tliis 


series of drugs. Sulfapyridine’? and sulfathiazole* are probably the most 


effective sulfonamides reported so far. They would be entirely satisfactory if 


they were less toxie. 


Cooper and Keller* showed that a single dose of 2 me. of sulfathiazole given 


orally at the time of intraperitoneal injection of a suspension of 1,000 minimal 


lethal doses of Shigella paradysenteria Flexner protected mice against the in- 


fection. Under similar conditions sulfanilamide was ineffectual. 





*From the Department of Surgery and the Department of Pediatrics, the Johns Hopkins 


University School of Medicine, Baltimore. 
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The suecessful use of various sulfonamides would indicate that many of 
these compounds are effective against bacillary dysentery when they are ab- 
sorbed slowly enough from the gastrointestinal tract to allow the concentration 
of the drug to reach bacteriostatic levels in the bowel. An important property 
of an active compound ideally suited to the treatment of bacillary dysentery 
requires, therefore, that the drug be sparingly absorbed from the bowel. This 
property will keep the drug where it can be directly active against the bacteria 
and will minimize general toxicity. 


TOXICITY OF SULFAPYRIDINE, SULFATHIAZOLE, AND SULFANILYLGUANIDINE 


A review of the literature on the use of sulfapyridine, sulfathiazole, and 
sulfanilylguanidine shows that these compounds cause toxie reactions when used 
to treat bacillary dysentery. 

Sulfapyridine is the most toxie. Ravenel and Smith? state, “‘In a few pa- 
tients sulfapyridine produced marked restlessness; this was controlled with 
phenobarbital. ”’ 

Welch® found more severe manifestatiosn of toxicity: ‘‘Sulfapyridine ad- 
ministration is followed by symptoms of nausea and vomiting which occur to 
varying degrees in 80 to 40 per cent of children under treatment. Too fre- 
quently the vomiting makes the therapy disagreeable and too often is so severe 
that it necessitates discontinuing the drug.’’ 

The toxic manifestations due to sulfathiazole are less severe. One patient 
we treated developed a rash which necessitated discontinuance of sulfathiazole. 
A more serious sequence was reported by Taylor. An infant, 4 months of age, 
received 0.9 Gm. of sulfathiazole in the presence of a slight jaundice. The 
jaundice increased and the drug was discontinued, The child died twenty-three 
days later of the bacillarvy dysentery. Although the jaundice might have been 
due to multiple transfusions of blood, it was for fear of a drug reaction that 
sulfathiazole was withheld. 

Of the three drugs used most widely in the treatment of bacillary dysentery, 
sulfanilylguanidine appears least toxic. Lyon'® observed mild toxie manifesta- 
tions, consisting of (1) disturbances of sensorium, (2) conjunctivitis, and (3) 
‘discoloration’? of the skin. These evidences of mild toxicity occurred in four 


of the 23 eases treated. 


SUCCINYL SULFATHIAZOLE AS A CHEMOTHERAPEUTIC AGENT LOCALLY 
ACTIVE IN THE BOWEL 


The experimental and clinical foundation for the use of sueciny] sulfa- 
thiazole in the treatment of bacillary dysentery was laid by Poth, Knotts, Lee, 
and Inui''!*) These authors demonstrated that this compound has much greater 
local activity against the coliform organisms in the bowel than sufathiazole and 
sulfanilyleuanidine. The physieal character of feces is profoundly altered by 
the action of succinyl! sulfathiazole. The feces become practically odorless. 

Furthermore, it has been shown that the toxicity of this drug is unusually 
low. Approximately 5 per cent of the ingested compound is excreted by the 
kidneys when diarrhea is absent. In the presence of diarrhea an even smaller 
proportion of the therapeutic dose is recovered from the urine. 
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TREATMENT OF BACILLARY DYSENTERY WITH SUCCINYL SULFATHIAZLE* 

The usual general svmptomatie treatment was given all patients. This 
regimen included the administration of adequate parenteral fluids and _ elee- 
trolytes to combat dehydration when the need for this was indieated. No patients 
received transfusions of whole blood or plasma for the treatment of the dys- 
entery. One patient did receive a single transfusion of whole blood beeause of 
a long-standing nutritional anemia. The diagnosis of bacillary dysentery was 
confirmed bacteriologically in all cases included in this study. 

The drug was given by mouth, and the dosage varied from 0.25 Gm. to 1.0 
(im. per kilogram daily, divided into six equal portions. The length of treat- 
ment varied from two to seventeen days. As indicated in Tables I and IT, there 


were no failures and no deaths. The patients ranged in age from 8 weeks to 838 


Vvears. 
TABLE II 
BACILLARY DYSENTERY IN ADULTS TREATED WITH SuCCINYL SULFATHIAZOLI 
DURATION OF NO. 
AGH DIARRITEA STOOLS STOOLS DAILY WITH DOSAGE NO. 
( yi 
NAMI re BEFORI ORGANISM BEFORE TREATMENT GM./KG. DAYS 
: TREATMENT TREAT DAY TREATED 
STARTED MENT l 2 o } 2 
ST 2] 3 days Shiga vv ° Z 5 | l W235 Ca) } 
RS 22 t days Sonne 12 | 3 2 2 2 0.25 1 
RS 19 + days Flexner 15 8) ) 3 ] l h } 
WW 29 7 days Flexner 15-18 14 a) 0 ve l b } 
MM Zo 2 days Flexner 20-25 l4 9) l l b I 
Hs As 6 days Flexner 20-25 l4 | 2 I I b 1 
JO 25 1 day Not typed 12-15 12 2 | l b | 
SS 3) 2 days Flexner 25-30 Y() fi S 2 ] b 6 
DN ha 32 days Flexner 10-15 } ] S S } b 17 
HY a7 5 mo, Flexner Many | I 2 I I 0.25 (a l4 
*This patient was in extremely poor condition, with malnutrition and decubitus ulcers, 
and showed a rash following sulfathiazole therapy without benefit to dysentery before succinyl 


sulfathiazole treatment was instituted. Treatment was continued much longer than necessary. 
(a)—0.25 Gm. per kilogram as a single initial dose. 
b 0.5 Gm. per kilogram daily for two days, then 0.25 Gm. per kilogram daily. Daily dosave 

s divided into six equal portions and given at four-hour intervals. 

The data recorded in Table T indieate that the response of children and in- 
fants suffering from bacillary dysentery when treated with succinyl sulfathiazole 
is prompt whether treatment is begun early or late in the disease. The response 
is equally good with the smaller doses as with the larger. The temperature re- 
turned to normal in twenty-four hours or less in all instances except one. In 
this case the temperature became normal in thirty-six hours. The results of 
treating ten adults with bacillary dysentery with succinyl] sulfathiazole are sum- 
marized in Table II. The response to therapy is again prompt regardless of the 
duration of the disease. 

The number of patients in this series was insufficient to determine accurately 
the minimum dosage of drug and the shortest period of therapy required for the 
successful treatment of bacillary dysentery with succinyl sulfathiazole. It is 
obvious, however, that in most instances unnecessarily large quantities of drug 
Wer given for longer periods than required. In fact, the response was better 
IN those patients receiving the smaller doses. Bacteriologie studies showed the 
Shiv lla paradysenteriae organisms to be especially susceptible to the anti- 


The succinyl sulfathiazole (sulfasuxidine) used in this study was supplied by Sharp & 
Dol Philadelphia, Pa. 
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bacterial action of sueciny] sulfathiazole. The dysentery organisms ordinarily 
disappeared from stools within forty-eight hours, whereas significant lowering 
of the coliform bacteria required two or three days of additional therapy. 

It is especially significant that the response to sueciny] sulfathiazole is 
immediate, although the disease has been present for as long as three months 
before treatment is undertaken. This result is in contradistinetion to the ob- 
servations made by Lyon and Marshall regarding the efficacy of sulfanilylguani 
dine. As stated by Lyon:'* ‘*The drug appears to be most efficacious when ad 
ministered during the first 3 to 4 days after onset of fever or diarrhea. Although 
the percentage of failures may be higher when the drug is not given until after 
the fifth day of illness, it has been observed to be effective at times even when 
given later in the disease.”’ 

Marshall, Bratton, Edwards, and Walker’ say: **Ten children were treated 
late in the disease, the institution of chemotherapy varying from the 4th to the 
14th day of the disease. In this group the results were not uniform. Some cases 
showed the same striking improvement that occurred in the children treated 
early, but the majority ran a course uninfluenced by the administration of 
sulfanilylguanidine. ’’ 

It appears that sulfanilvlguanidine is mest. effective against bacillary 
dysentery if the treatment is started early. It may fail to influence the cours 


of the disease if treatment is delaved. 


DISCUSSION 


While the results of treating bacillary dysentery with the sulfonamides 
are so good in the United States, it must be realized that this outcome is partly 
due to the excellent state of nutrition usually encountered here. In areas where 
states of poor nutrition exist, especially among children, mere bacteriostasis does 
not give such brilliant results, because the diarrheas of the specifie bacillary 
dysenteries are complicated by malnutrition. Under these circumstances atten- 
tion to general care, fluid, and electrolyte replacement, and nutrition must be 
held of equal importance with specifie drug therapy. 

Under ordinary conditions of our national civilization, sanitary safeguards 
and food protection are developed to a high degree and bacillary dysentery 
among adults is not a serious problem. In the armed forees, however, men in 
strange climates and frequently in unsanitary surroundings are unduly exposed, 
and infection of the adult becomes a problem of major importance. Because of 
the apparent great efficacy of succinyl! sulfathiazole in bacillary dysentery and 
the absence of toxie symptoms due to the administration of this drug, it would 
be highly desirable to consider the use of succinyl] sulfathiazole as a prophylactic 
agent. A small quantity of drug given in the daily ration of men in areas otf 
heavy exposure might offer protection. Such a protective dose might be sur- 
prisingly small; and in the absence of any effect on the sensorium, as determined 
by reaction time, and so on, the drug could be administered to great advantace. 

The doses given in the eases of bacillary dysentery reported here may well 
be much larger than is required. No toxicity to the drug has been observed in 
any of these patients, and there were no instances where the drue failed to ar- 
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rest the disease in a very short time. Since the minimum effective therapeutic 
dose of succinyl sulfathiazole has obviously not been established, a satisfactory 
prophylactie dose might be surprisingly small. 

Because sulfathiazole is highly effective in bacillary dysentery, beeause the 
activity of succinyl sulfathiazole is probably due to the degradation product, 
naseent sulfathiazole, and because suceiny] sulfathiazole can be maintained in 
high concentration in the bowel with only slight absorption and without the 
development of toxic manifestations, it is not surprising that suecinyl sulfa- 
thiazole in tolerated therapeutie doses should have a pronounced antibacterial 
activity against the organisms of bacillary dysentery. In all fairness it should 
be stated that during the past summer bacillary dysentery was not prevalent, 
and the disease might have been relatively mild. This communication should, 
therefore, be regarded as a preliminary report. Kirby and Rantz'® have, how- 
ever, succeeded in curing bacillary dysentery carriers with succinyl] sulfathiazole. 


SUMMARY 


The treatment of bacillary dysentery with a new chemotherapeutic agent, 
succinyl sulfathiazole, is presented. The drue is equally effective in both the 
acute and the more chronie forms of the disease, All cases of bacillary dysentery 
treated responded promptly. The administration of the drug caused no un- 
toward toxic manifestations. 


We wish to thank Dr. Samuel Revell, of the University of Maryland School of Medicine, 
ard Li. David W. Exley, of Camp Jackson, South Carolina, for the privilege of including in 
this report cases of bacillary dysentery treated under their direction. 
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with the hope that a more logical and concrete explanation 


those explanations now current. 


disputed. The earlier hypothesis states that the character 


nature of the QRS complex and its relation to myocardial 


of excitation, i.e., doublets of retreat.® 


phenomenon, this hardly would seem likely. 
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THE T WAVE IN 
THE ELECTROCARDIOGRAM BASED ON ELECTROKINETIC 


J. Roscoe Mituer, M.S., M.D., FLALC.P., anp Roy F. Dent, B.S., M.D. 


HE purpose of this paper is to describe a possible mechanism for the pro 
duction of the T-wave component of the eleetrocardiogram and the experi 
mental procedure followed in its preliminary study. This study was begun 
of the eleetrobiologic 


phenomena responsible for this phase of the eardiogram could be found than 


In general, it is accepted that the T wave represents the disappearance of 
the eleetric disturbance responsible for the QRS deflection, whieh phenomenon 
has been variously termed repolarization, return to the resting state, end d 
flection of the QRS, ete. The exact manner in which this occurs, however, is 


of the T wave is ce 


termined by the vectorial summation of the last portions of two out-of-phase 
monophasic waves.’ More recently, with the better understanding of the 


excitation, there has 


developed the concept that the T wave represents a simple retreat of the wave 


Without entering into a detailed examination of the two exact mechanisms, 
either explanation, if correct, should answer questions directed at the broader 
concept that the T wave is a disappearance phenomenon of an eleetric disturbanc 
which in its invasion of the myocardium inscribes the QRS complex. One ques- 
tion which immediately rises is why the disappearance of the wave of excitation 
normally should involve a larger quantity of electricity than that involved in 
its entrance or invasion, This disparity can be demonstrated readily by com- 
paring the sum of the areas under the QRS and T waves in the normal electro- 
eardiogram taken from enough points over the body surface to encompass thie 
heart completely.°t| Other questions dealing with specific changes in the QS 
without corresponding changes in the T wave, and vice versa, may be asked, 
and many will be unanswered. Tor instance, it is a common observation that the 
T waves increase in magnitude in hyperthyroidism without a corresponding 
increase in the QRS. If they were an expression of different phases of the same 


*From the Department of Medicine, Northwestern University Medical School, Chicago 


_ The electrocardiograph machine is essentially a recording voltmeter which draws. tht 
minimum current from the electrical source. Thus the electrocardiogram is a potential-timé 
tracing and the areas under the tracing are a measure of the quantities of electricity iny ed 
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Another reason for this investigation deals not with the inadequacies 
of the current explanations but with the inherent electrodvnamie char- 
acteristics of the T wave itself. A close study of the normal ventricular 
QRS-T complex shows that the QRS component and the T component 
are entirely different in form, duration of existence, and rate of change. 
The QRS tracing has a steep front and an equally steep decline, while the T-wave 
has a smoothly changing front, a more gradual rate of change, and persists for 
a much longer time. If the T-wave potential were dependent on cardiae mus- 
cular contraction, it would seem that the shape of the tracing could be cor- 
related with a possible mechanism of development; that is to say, the shape 
would more nearly reflect its manner of production. Further, the greater quan- 
tity of electricity involved in the T wave could be explained, for in contracting 
the heart does work and is, therefore, potentially capable of producing electricity. 
Obviously, this idea would be untenable at once, were the T wave to be inseribed 
at any period in the cardiae eyele other than that of eardiae systole, or even be- 
vin before or persist after systole. This, however, is not the case, as can be shown 
by simultaneous intraventricular pressure and eleetrocardiographic recordings. 

The association of the T-wave potential with myocardial activity is not new. 
Several interesting references to this possibility have appeared in the liter- 
ature.” > One reference is to the specifie idea to be outlined in the following 
paragraphs.° 

In considering the conditions obtaining in the myocardium during systole 
which could convert mechanical energy into electrical, it is reasonable that those 
which are involved in a displacement phenomenon are the most likely subjects 
of investigation. On this hypothesis, then, the intramural displacement of 
fluids, both intercellular and capillary, suggests itself as a possible source by 


reason of the electrokinetic phenomen of streaming potentials.’° The question 
is, Will there by a sufficient pressure gradient along the intramural paths open 
to the blood, tissue fluid, and lymph to produce an appreciable electrokinetic 
effect ? 


From the equation for streaming potentials, 


¢ > 
H = 9.48 x 1086 2! 
n Kg 
where HE = Stream potential in millivolts 
¢ = Potential of the double layer 
n = Coefficient of viscosity 
I) = Dielectric constant 
P = Pressure in em. He 
Ks == Specifie conductivity in mhos 


it is seen that for a given capillary system, the potential is directly proportional 
to tle pressure, the dielectric constant, and the zeta potential; and inversely pro- 
portional to the viseosity and the conductivity. A simple substitution of the 
consiants for whole blood at body temperature and an assumed value of 50 
millivolts for the potential of the double layer will show, however, that the pres- 
sure will have to be high if the potential is to be of the order of magnitude neces- 


‘io produce the T wave, Calculations will readily show that ventricular 
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intramural stress can attain values of 40 em. He throughout most of the wall 
and values of 60 em. He at the base where the muscle fibers taper down to in- 
sert in the valve rings and intervalvular fibrosa. 

As a preliminary test of the foregoing reasoning, dead hearts were perfused 
through the left coronary artery with various fluids (5 per cent glucose, 0.2 to 
0.9 per cent sodium chloride, whole heparinized blood), and the potential across 
the anterior wall of the left ventricle was measured at various intramural pres 
sures. At pressures between 20 and 40 em. Hg significant potentials were de 
veloped, and the variations were in agreement with those predicted from the 
equation, namely, that the low conducting solutions produced the largest po- 
tential and the more conducting solutions the smaller potential, and that the 
potential was directly related to pressure. The potential developed with blood, 
which is the one of interest, was 0.5 millivolts at 40 em. pressure. It should be 
noted here that the potentials developed varied considerably with the individual 
hearts and appeared to depend on the time dead, since higher values were ob- 
tained with the fresher material. These experiments, therefore, are not quanti- 
tative but qualitative, and the results are of value only in that they demonstrate 
that the internal architecture of the ventricular wall affords a capillary system 
which, when there is streamed through it a fluid with the comparatively high 
electrolyte eoneentration of whole blood, is capable ot producing significant 
streaming potentials. 

The question of the exact manner in which the blood and extracellular fluid 
may be displaced or squeezed about during ventricular systole to produce stream- 
ing potentials, cannot be answered dogmatically. The most logieal sequence 
would seem to be a progressive ‘‘wringing out’’ of the myocardium as contrac- 
tion progresses to a maximum. That blood, at least, is ‘‘wrung’’ out during 
systole is shown by the coronary (venous) outflow which occurs at this time in 
the cardiac evele.')'* For any given segment of myocardium, the sign of the 
developed potential would be negative to positive when progressing in the direc- 
tion of the intermuscular fluid displacement. 

From the foregoing it can be postulated that regardless of the manner in 
which an intramyocardial pressure gradient is produced, whether by the actively ] 
contracting heart or by a force applied externally, just so long as it exists flow 
potentials should be developed. Thus, external energy applied to a_ heart 
rendered unresponsive to electrical and mechanical stimuli should produce a 





potential the characteristics of which are similar to those of the normal T. wave : 
as regards magnitude and rate of change. With this idea in mind, then, the fol- F 
lowing experiments were performed. 

Series 1—Method. Dogs anesthetized with nembutal were given 40 ¢.c. of a t 
20 per cent solution of magnesium sulfate intravenously in order to decrease i 
the irritability of the myocardium.'* The thoracic cavity was then opened, care s 
being taken to keep the field dry. The animal was connected through electrodes t 
to the right foreleg and left hind leg to a string galvanometer electrocardiogra)h. y 
The heart was then stimulated by means of a probe, and records were made ot 
the resulting ectopic impulses. When stimulation ceased to produce an impulse, u 
the heart was grasped in the hand which had been insulated by means of a riub- ¢ 
ber glove, and roughly bumped about the chest cavity to determine the amount t 


of potential, if any, developed by such a procedure. With the electroeardiogr® ph 8] 











MILLER-DENT: T WAVE IN ELECTROCARDIOGRAM 171 


recording the heart was then foreibly constricted and suddenly released, or pres- 
sure was maintained for a period of several seconds. 

Results. Cardiac stimulation produced ectopic impulses for a period vary- 
ing up to twenty minutes after the chest cavity was opened. As will be seen 
from Fig. 14 a period was finally reached when stimulation produced an im- 
pulse without demonstrable contraction or T wave. Fig. 1B shows the result of 
movement of the heart and mediastinal structures. As will be seen, no significant 
potential was developed despite the fact that the contents of the chest were 
moved about vigorously, and the string was loosened to exaggerate the ef- 
fect of any movement. Fig. 1C shows the result of constriction of the heart 
before irritability had entirely disappeared. Here it will be seen that there 
was a sudden production of a potential which gradually returned toward zero. 





a 
B. 
C. 

Fig. 1.—A, Stimulation of myocardium producing an impulse without demonstrable con- 
traction or T wave. B, Vigorous movement of the heart and mediastinal structures. C, Arrows 
indicate application and relaxation of pressure. Note ectopic impulses occurring during this 
per Ss 


t the same time several ectopic impulses arose from the vet irritable muscle, 
thus demonstrating that the potential that developed by squeezing the heart was 
independent of spontaneous impulses. Fig. 24 shows the result of sudden con- 
striction of the heart with immediate relaxation, while Fig. 2B shows econstrie- 
tion with maintenance of pressure and the return of the potential to zero upon 
rel; ation, 

\fter irritability had ceased there was a period of from five to twelve min- 
utes when the above results could be obtained at will. At the end of that time 
chanves had oceurred in the tissue which resulted in adventitious voltages due 
to development of local concentration cells, so that any movement of the thoracie 
structures would produce unlimited bizarre potentials. 
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Series 11.—Method. These experiments were conducted to confirm previous 
observations regarding the time relationship of changes in intraventricular 
pressure to the T wave in the electrocardiogram. This was done by simul- 
taneously recording on the electrocardiogram the pressure in the left ventricle 
and carotid artery." 





Fig. 2. 1, Constriction of heart with immediate relaxation. B, Constriction with maintenanc: 
of pressure and sudden relaxation. 








| 
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] 
A, 
B. 
Fig. 3.—A, Simultaneous recording of carotid pressure and electrocardiogram. B, Left intra- 


ventricular pressure and electrocardiogram. 


Results. Fig. 3A shows the correlation of increases in carotid pressure with 
the T wave and Fig. 3B shows changes in the left intraventricular pressure and 
the relationship of these changes to the T wave. It will be seen that in each case 





rise of pressure occurs at the same time as the T wave and that the latter is 
always confined within the time limits of the former. 


SUMMARY AND CONCLUSIONS 


The nature of the T wave in the electrocardiogram suggests that it is ue 
to an electrokinetic cause and does not represent retreat electric disturbanes. 
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The structure of the heart with its capillary bed is sueh that contraction could 
produce streaming potentials of the order of magnitude of the T wave. Pressure 
perfusion of the heart showed this to be entirely possible. Constricetion of the 
unresponsive heart likewise produced this phenomenon. In addition it is shown 
that the T wave corresponds in time to the increase in pressure in the left ven- 
tricle. These observations suggest that contraction of the heart with its resultant 


streaming potentials is responsible for the T wave in the electroeardiogram, 
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CLINICAL CHEMISTRY 


THE SIGNIFICANCE OF THE URINARY AMMONIA* 


A. P. Briaes, AuGcustTa, GA. 


( aac iacmpia evidence has accumulated which indicates that it may be 
necessary to abandon one of our most time-honored concepts: the belief 


that secretion of ammonia by the kidneys serves in some way to maintain the 


acid-base balance of body fluids. Indeed, there is reason for suspecting that it 
has been carried along for a good many years by a combination of inertia and 
complacency. 

The first note of dissension came in 1982 when it was observed that the 
acidosis of nephritis was not necessarily of the base deficit type, although the 
capacity for production of ammonia in this state was definitely subnormal. 
It was pointed out then that all observed facts relating to the seeretion of 
ammonia were consistent with the hypothesis that ammonia production simply 
operates as a local protective mechanism to prevent excessive tubular acidity 


t | 


Subsequently a number of special instances were observed in) whieh. the 
activity in production of ammonia was not that to be expected from the con- 
ventional theory but more in accord the dissenters’ viewpoint. 

This evidence will be reviewed briefly in the following sections and certain 
evidence provided by recent developments in the field of renal physiology will 
be presented. 

CRUCIAL EXPERIMENTS 


It should be obvious that the classical concept is based on circumstantial 
evidence which is perfectly compatible with either view, and that the whole ques- 
tion appears, superficially, to be merely a matter of words. Increased production 
of ammonia was observed to accompany increased exeretion of acid, administered 


urea by the liver and perhaps by other tissues; secretion of a part of such acid 


or metabolic. The ammonia was previously thought to be formed from neutr 


in the form of ammonium salt was assumed to spare fixed alkali of the blood 
plasma. This assumption was entirely justified up to the time of the publication 
of the work of Nash and Benedict,' which indicated the kidney to be the organ 
of ammonia production. But the assumption, which has generally been made 
since then, that substitution of ammonia is part of the mechanism through 
which fixed base is reabsorbed from the glomerular fluid, and that it responds 
to requirements of the body for conservation of fixed base, is entirely gratui- 


*From_ the Departments of Biochemistry and Internal Medicine of the Univei 
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tous—it is just as easy to suppose that production of ammonia by the tubules 
follows the reabsorption of fixed base as a result of irritation from rejected 
acid in the tubular fiuid. 

Since the acid-base balanee of the blood and urine each deviates from 
the normal in the same direction, in most clinical and experimental states, it is 
impossible to tell from studies of such states whether fluctuations of ammonia 
are following changes in the plasma or renal tubules. There are available, 
however, a few studies in which the acid-base balance of the urine fluctuates 
in a direction opposite to that of the plasma. Sueh studies give crucial 
evidence, 


EXPERIMENTS WITH SODIUM SALTS OF LOW THRESHOLD ACIDS 


Hendrix and Sanders? extending an experiment of Cushny,* observed 
that an acid urine may be formed following the administration of dibasie 
sodium phosphate or sodium hippurate, beeause the low threshold acids are not 
so actively reabsorbed by the renal tubules as is sodium. They also observed 
that production of ammonia was inereased under these conditions in spite of 
the fact that the blood was **undoubtedly more alkaline.’” In my own studies 
with the sodium salt of another low threshold acid, sulfurie, similar changes 
were observed; the results were elear-cut following subcutaneous injection 
in the dog.4 

The fluctuations of ammonia in these experiments, it should be observed, 
were parallel to the acid-base changes in the urine and were opposite to those 
of the plasma. They show elearly that production of urinary ammonia is not 
determined by the needs of the body for conservation of fixed base, for in each 
ease the body was burdened with an excess of sodium. They strongly suggest 
that it is the acidity of the fluid flowing through the tubules which determines 
the level of ammonia production. 


EXPERIMENTS WITH POTASSIUM CHLORIDE 


Potassium chloride is a neutral salt which makes the urine alkaline for 
the reason that potassium, a low threshold base, is excreted much more rapidly 
than chloride. Consequently, the residual ehloride whieh is left within the 
body causes an acid-base shift in the direction of acidity, similar to that which 
follows the administration of ealeitum chloride or hydrochlorie acid. 

Kxperiments with potassium chloride, administered orally or subeuta- 
neously, have shown ammonia production to be immediately suppressed.t| They 
make it clear that an excess of acid within the body is not an adequate stimulus 
for ammonia production. Again there is the suggestion that the acidity of 
the fluid flowing through the tubules is the determining factor. 


THE INFLUENCE OF DIURESIS ON WASTE OF FIXED BASE AND ON AMMONIA PRODUCTION 


ie diuresis caused by drinking distilled water or by intravenous infusion 
of solutions of neutral substances, such as urea, results in the urinary waste of 
sodiiim bicarbonate. Presumably the rapid rate of flow through the tubules 
handicaps the mechanism of reabsorption of this vital plasma alkali. In the 
diuresis studies of Hendrix and Calvin® the plasma bicarbonate was lowered 
by as much as 15 per cent. But the ammonia mechanism fails to respond to the 
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base-deficit type of acidosis so produced,“ as it certainly should if it followed 
needs of the body for conservation of fixed base. This failure is in perfeet 
harmony with the view which relates stimulation of ammonia production to 


increased tubular acidity. Sueh a diuresis does not produce an acid urine. 
THE CONSERVATION OF FIXED BASE IN  NEPHRITIS 


There has been some confusion and controversy concerning the intluenc 
of nephritis on the renal mechanism for conserving fixed base. Ht is true that 
the capacity for production of ammonia is impaired with the destruction 
of many nephrons, and in such eases there is, occasionally, some evidence 0! 
base waste or depletion. The confusion is chiefly due to the obligation usually 
felt for incriminating the deficient ammonia mechanism as a causative factor 
almost always it is possible to point to some other factor which might just as well 
he responsible. 

Low levels of plasma fixed base are frequently encountered with the onset 
of uremia in nephritis, but vomiting is also frequent at this stage and is a very 
potent cause for such low levels. In a selected group of patients* who had ad 
vanced nephritis but who were not vomiting, the plasma fixed base values fell 
between 145 and 152 milliequivalents per liter; normal values with the sam 
technique fell between 148 and 155. This slight difference, while hardly sig 
nificant, might well be a diuresis effect. These patients had a polyuria and 
relatively few surviving nephrons. Consequently the rapid rate of tubular 
flow should have offered some handicap to tubular reabsorption, 

If depressed levels of plasma fixed base result from the exeretion of acid 
which would normally be carried off by ammonia, then prolonged administra- 
tion of acid should have a very pronounced effect in lowering these levels in 
nephritis. Such, however, is not the case. In the studies of Linder,’ Gamble, 
Blackfan, and Hamilton,'’ as well as that of my own,* there was no significant 
change in the level of plasma fixed base, in either normal or nephritie subjects 
as a result of heavy dosage of acid. This is one of the most important observa- 
tions relating to the question ot base waste in nephritis. 

In certain instances an excessive amount of fixed base has been found 
to be excreted into the urine of nephritic patients as a result of acid adminis- 
tration. The urinary exeretion of the various acids and bases was determined 
in each of the above-mentioned studies of acid ingestion. Gamble and co-workers 
observed that excretion of extra fixed base by their nephritie patient was 
excessive in comparison with their normal controls. However, this was a patient 
with an edematous type of nephritis, and so the significance is uncertain 
delivery of edema fluid from any cause should result in the elimination of 
extra fixed base. Linder’s study gave complete results on two nephritie subjects 
without edema. One exereted an excessive amount of fixed base, while the 
other did not. In my own study one of three nephritie subjects exereted an 
excessive quantity of fixed base, but this was accompanied by a conspicuous 
diuresis—twenty-four-hour urine volumes greater than 3,000 ee. 

The evidence for impaired conservation of fixed base in nephritis is cer- 
tainly inconelusive, and the inerimination of the defective ammonia mechanism 


for such evidence as is available seems quite unnecessary. 
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BRIGGS: 


SIGNIFICANCE 





OF URINARY AMMONIA 


THE EVIDENCE OF RECENT DEVELOPMENTS IN RENAL PHYSIOLOGY 


The results of much critical study! tend to support the essentials of the 
‘‘modern theory of urine formation,’* as elaborated by Cushny. The glomerular 
fluid seems to be a true filtrate which is formed, in an adult, at the rate of 
about 120 ¢.ec. per minute. It also appears that the resultant fluid formed by 
reabsorption in the various compartments of the tubule system must be of 
fairly constant composition, especially so in regard to the constituents of the 
basie elements; otherwise the levels of these constituents in the plasma would 
not be maintained within their observed narrow ranges. The tubules do, 
however, secrete a few substances. Perhaps the most important of these is 
ammonia, the seeretion of whieh in the amphibian tubule has lately been. re- 


ported by Walker.’ 


QUANTITATIVE RELATIONS BETWEEN SECRETION OF AMMONIA AND REABSORPTION 
OF FIXED BASE 


The notion that seeretion of ammonia is necessary for reabsorption of 
fixed base probably rests on the failure to bear in mind the quantitative 
relations of the two processes. With elomerular filtration at the rate of 
approximately 120 ¢e¢. per minute, and with a fixed base concentration of about 
150 meq. per ter, something like 1,080 meq. per hour of fixed base is filtered. 
Consequently, with the urinary exeretion of fixed base at levels varying from 
2 to 20 meq. per hour, the magnitude of fixed base reabsorption is seen to be at 
the enormous level of more than 1,000 meq. per hour. Under ordinary condi- 
tions the output of ammonia amounts to something less than 8 meq. per hour. 
It is, therefore, perfectly clear, when the magnitudes of these two processes 
are contrasted, that reabsorption of fixed base does not depend on substitution 
of ammonia. The highest levels of ammonia production, such as those observed 
in diabetic acidosis, are of the order of 25 meq. per hour, and so even these 
are hopelessly inadequate in accounting for fixed base reabsorption. The eom- 
parison is somewhat improved by making an additional assumption, which 
would bestow on the renal epithelium the capacity for differentiating between 
the hase opposed by bicarbonate and the base opposed by chloride and other 
strong acid; ammonia to be substituted only for base opposed by bicarbonate. 
But this fraction of the total fixed base amounts to nearly 200 meq. per hour, 
Which is again far ereater than the maximum observed levels of ammonia 
production. 


WORK ON THE ISOLATED NEPHRON OF AMPHIBIA 


Chis work has been done on material aspirated directly from various levels 
of the tubule. In the proximal tubule there is no seeretion of ammonia,” 
but glocose is reabsorbed and presumably along with it a considerable amount 
of water and salt.!® The fixed base of this salt is therefore reabsorbed without 
substitution of ammonia. Actually ammonia was not found to appear before 
the ('stal half of the distal convoluted tubule, but chloride was actively re- 
absoried by the first part of the distal tubule, and without change in pH," 


So it 


i . : Te ‘ : : “ ° ‘ 
Reabsorption of additional fixed base is thus accomplished without substitution 
of amnionia, 


iust have been accompanied by an equivalent quantity of fixed base. 
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Acidification of the urine was observed to occur in a narrow zone near 
the middle of the distal tubule. The process of acidification was thought to 
depend on reabsorption of base bicarbonate. Since it was at this zone of 
acidification that secretion of ammonia was found to be initiated by Walker,” 
it is of great interest to speculate on the relation of the two processes. It is 
evident that ammonia is not substituted for all the base bicarbonate reabsorbed 
in this zone, for if so there would be no acidification. The manner in whieh 
ammonia is usually thought to operate is by interaction with salts of the 
glomerular fluid according to the reversible equilibrium : 


NH,HCO, + BAe = NH,Ac + BHCO, 


According to this scheme, base bicarbonate would be reabsorbed and the acid 
radical would be carried off into the urine as ammonium salt.’!) But ammonia 
has been observed to be secreted only in the presence of acid.'? Consequently, 
such a reversible equilibrium could never get anywhere in either direction 
because of the vigorous interaction of ammonia with acid, already liberated 


according to the scheme: 
NH,HCO,, + HAe > NH,Ac + HCO, 


This reaction would very rapidly be carried to completion beeause of the 
slightly dissociated character of HCO... 

Since ammonia reacts with acid which results from reabsorption of base 
bicarbonate, it might be said that the arrival of ammonia, unfortunately, is 
too late for the rescue. The simultaneous appearance of ammonia and _ acid 
formation is, to say the least, suggestive that secretion of ammonia operates 


as a local protective mechanism to prevent excessive acidity. 


STUDIES OF THE MAMMALIAN NEPHRON 
Preliminary reports from two separate laboratories!’ '’ each indicate 
that reabsorption of bicarbonate, that is acid production, may occur in the 
proximal tubule of the mammalian nephron. If this is true, it means there can 
only be a limited field of action for interchange of ions between ammonium 
bicarbonate and salts of the glomerular filtrate—even if secretion of ammonia 
should be found to occur at a level above the zone of acidification. If, as in 
Amphibia, secretion of ammonia is initiated at the zone of acidification, then 
the interpretation will be that indicated above; the classical concept relating 
secretion of ammonia to conservation of fixed base will have to be radically 
revised. 

SUMMARY AND CONCLUSIONS 

Crucial experiments show that ammonia production ean, at will, be made 
to fluctuate in a direction opposite to that of any given acid-base change in 
the body. In all such experiments ammonia production fluctuates in the same 
direction as the acid-base change of the urine. 

With advanced nephritis, in spite of curtailed production of ammonia, 
there is no clear-cut evidence of impaired conservation of fixed base. The evi- 
dence which is available does not necessarily incriminate the ammonia meclian- 
ism. Other factors, such as vomiting or diuresis, are usually present in in- 


stanees of defective base conservation. 
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Examination of fluid taken from various levels of the amphibian nephron 
reveals that seeretion of ammonia follows reabsorption ot fixed base: and that 
ammonia is only seereted in the presence of acid, which precludes an inter- 
change of ions in the reversible equilibrium usually assumed to be involved in 
the substitution of ammonia for fixed base. 


It, therefore, seems improbable that the renal ammonia mechanism has 
anything to do with the regulation of the acid-base balance of the body. The 
evidence at hand appears to be more consistent with the hypothesis that 
secretion of ammonia is stimulated by, and serves to neutralize, the aeid 
residue left in the tubules by reabsorption of the alkaline threshold moiety. 
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RETENTION IN LOW-GRADE CHRONIC 
ILLNESS 


BROMSULPHALEIN 
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1 


IVER dystunetion has been reported associated with a variety of chronie or 


recurrent conditions; e.g., allergy,’ **rheumatism”* and arthritis,’ '! peptic 


uleer,’? glaucoma,’ Parkinsonism,’ thyrotoxicosis,’* '* rheumatic fever,'* va- 


rious infections and bacterial intoxication.*: '* '” Because of these reports 
liver function studies were made on a group of patients with low-grade chronic 
illness probably SEC ndary to chrome infection, 

The elinical condition, sedimentation rate, and nonfilament-filament ra 
tio,?* *° incidence of probable pathogenic streptococci and staphylococer” and 
distribution of metabolic rates?* of this group have been reported. One hundred 
and twelve ambulant patients, varying in age from 15 to 82, were included. 
They were classified according to age, sex and the severity of objective symptoms. 

In the choice of a method for determining liver function the bromsulphalein 
test was considered favorably, since it could be performed in an_ office on 
ambulant patients, it did not consume much of the patient’s time, and it was 


considered by many to be the most generally satisfactory test in the absence 


of jaundice.**! However, while some*?: ** felt that the usual bromsulphalein 
test was very sensitive and would indicate early, and perhaps even temporary 
liver dysfunction, others” ** °° felt that it was necessary to devise an even more 
delicate test for use in mild cases. Macdonald, ** who studied this question 


intensively, pointed out that because of the great liver reserve a normal result 
with the usual bromsulphalein test did not indicate an absence of hepatic 
damage, although an abnormal retention almost definitely meant a diseased 
liver. Studying liver reserve in the seareh for a test whieh would detect minor 
vrades of impairment, he developed a technique by means of whieh the blood 
could be examined at two-minute intervals followine the injection of brom- 
sulphalein. With this method he observed that the rate of bromsulphatein 
removal from the blood of normal persons followed a definite curve, and that 
disease of the liver produced not only a retention of bromsulphalein beyond 
the usual test period, but also a change in the type of curve. As a result ot 
his observations Macdonald coneluded that a quantity of bromsulphalein 
equivalent to 5 mg. per kilogram of body weight was necessary to test fully 
the liver reserve, that the normal undamaged liver would completely free the 
blood of this quantity of bromsulphalein in twenty-five minutes, and that the 
maximum information about liver function would only be obtained if the blood 


level of bromsulphalein were determined every five minutes. In a_ recent 
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evaluation of liver function tests Mateer and his colleagues®* found Maedonald’s 
serial bromsulphalein test sensitive and reliable, even though the 2 mg. per 
kilogram dose was mainly used. Suggestions for fractional tests of liver 
function have also been made by White, Deutsch, and Maddock,*’ and = by 
Deutseh.*° 

TABLE I] 


STATISTICAL ANALYSIS OF BROMSULPHALEIN RETENTION DISTRIBUTED ACCORDING TO SEX, AGE, 
SEVERITY OF SYMPTOMS AND SEDIMENTATION RATI 


GROUP NO. |r RANGE MEAN as S.1 % 0 % 9-20) %F 20 

All patients 112 0-90 18.93 + 1.63 14.3 56.3 99.3 
Sex 

Male 5 | 0-70 19.33 + 9.45 15.6 51.1 33.3 

Female 67 0-90 18.66 pt 2.18 13.4 99.7 20.9 
Age 

Up to 20 g 0-60 18.33 5.84 143 66.6 oD. 3 

21-40 2d 0-50 12.78 + 2.4 25.9 22.0 22.1 

H1-60 9 | 0-90 | 17.96 + 2.54 12.2 | 65.4 | 22.4 

61 27 0-70 27.04 = oot 7.4 10.8 01.8 
Svinptoms 

Mild tS 0-50 10.0 + 1.19 wen 70.9 6.2 

Moderate i? 0-50 18.94 + 1.83 10. 53.2 6.2 

Severe 17 5-90 14.7] + 5.25 0.4 os 76.5 
Sedimentation rate in mm. 

Westergren ) 

1-10 a9 0-50 14.75 z | By 20.4 ay gs 22.1 
11-20 28 0-90) 20.71 + 8.89 10.7 7.1 32.2 
21-30 13 0-60 PASI + 1.68 it 53.9 38.4 
ol S 5-70 39 50 \ 7.39 0.0 37.5 62.5 

a No. : Numbet of patients in group. Range range of bromsulphalein retention in 
units. S.BE. = Standard error, (% 0 per cent of patients in group with no bromsulphalein 
retention, 2-20 per cent with 5 to 20 units retention. ‘ 20 + per cent with more than 


-0 units retention. 


In the present study Maedonald’s normal criterion of complete elimina- 
tion in twenty-five minutes of a dose of bromsulphalein equal to 5 mg. per 
kilogram body weight was adopted. The estimated quantity of bromsulphalein 
solution diluted with an equal quantity of physiologic salt solution was slowly 
injected with a No. 26 gauge needle. For simplicity usually only a single 
specimen of blood was withdrawn twenty-five minutes later. The use of larger 
needles and of full streneth bromsulphalein solution in early tests was ocea- 
sionally followed by thrombophlebitis, which in one instance was moderately 


severe and resulted in several days’ ineapacitation. 
RESULTS 


A statistical analysis of the results of the bromsulphalein tests is presented 
in Table I. Of the 112 patients only 16 showed no retention of bromsulphalein 
at (he end of twenty-five minutes. If the blood had been examined at five-minute 
intervals throughout the test period, it is probable that even some of these 
would have shown abnormal curves.t! Somewhat more than half of the total 
number showed bromsulphalein retention of from 5 to 20 units. The remaining 
patients showed higher degrees of retention, the highest being 90 units. The 
m value for the entire group was 18.9. The frequeney distribution of the 
is illustrated in Fig. 1. 
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When the observations were distributed according te sex, very little dif- 
ference was found, the mean bromsulphalein retention being 19.3 units for 
males and 18.7 units for females (Fig. 2). When the observations were dis- 
tributed according to age, greater differences were noted (Fig. 2). The mean 
bromsulphalein retention in units for patients up to 20 was 18.3; 21 to 40, 12.5; 
41 to 60, 17.0; and 61 and over, 27.0. The mean rates for patients 21 to 40, 


and for those 61 and over, varied significantly from the mean of the entire 
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chronic illness, 


When the observations were distributed according to the severity of symp- 
toms (Fig. 3), greater differences appeared. The mean bromsulphalein reten- 
tion in patients with mild symptoms was 10 units; in patients with moderatel) 
severe symptoms, 18.9 units; and in patients with severe symptoms, 44.7 units. 
Of the patients with mild symptoms 22.9 per cent showed no retention of 
bromsulphalein and only 6.2 per cent showed retention of more than 20 units. 
Of those with severe symptoms all showed some retention and 76.5 per cent 
showed retention of more than 20 units. 

Since it has been suggested that there may be a relation between liver 
function and the sedimentation rate of erythrocytes,’? the bromsulphalein reten- 
tion and the sedimentation rate (Westergren) were compared (Fig. 4). The 
mean bromsulphalein retention for patients with sedimentation rates, ranging 
from 1 to 10 mm., was 14.75 units; 11 to 20 mm., 20.7 units; 21 to 30 mm., 
22.3 units; and over 80 mm., 32.5 units. Yet, while in general higher sedimen- 
tation rates were associated with higher degrees of bromsulphalein retention, 
the association was far from complete. For example, in patients with sedi- 
mentation rates up to 10 mm. the degree of bromsulphalein retention varied 
from 0 to 50 units, and in those with sedimentation rates of 31 mm. or higher 
it varied from 5 to 70 units. The lack of a definite linear relation between 
sedimentation rate and bromsulphalein retention is illustrated by the seater 
diagram in Fig. 5. 
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The differences between the mean bromsulphalein retention rates of pa- 


tients with mild, moderately severe, and severe symptoms were all statistically 


significant, as were also the variations in relation to changes in sedimentation 


rate. 
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Fig. 2.—Bromsulphalein retention distributed according to sex and age. 
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3.—Bromsulphalein retention distributed according to severity of general symptoms. 
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COMMENT 


The high incidence of impaired liver function in persons with chronic ill- 
ness should not cause surprise if the reports of earlier writers are reealled, 
Rehfuss*® has stated that biliary tract disturbance is probably present in one 
half of all persons past the age of 40.) MacLagan and Rundle'® stated that ot 
41 patients with hyperthyroidism, 80 showed definite impairment of hepatic 
function and the remaining 11 were border line. Shaffer,’ in examining: thi 
livers of persons who died accidental deaths, found that 31 of 50 showed fatty 
infiltration, and 11 of 50 showed ehronie localized interstitial hepatitis. Rosen 
4 


here’ used the cephalin-cholesterol flocculation test in studying a group of 155 


persons ot whom 838 had e¢linieal evidence of liver disease. Tle found liver im 


pairment in practically all of those with clinieal liver disease and in 43. of 
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Fig. 4.—Frequency distribution of bromsulphalein retention in relation to sedimentation rate. 


the 72 in whom hepatic disease was not suspected. He concluded that mild 
and subelinical disease of the liver occurs more frequently than is generally 
appreciated, and unless specifically sought may elude recognition. Apparently 
liver disturbance is frequent even in early life, since Londe and Probstein*® 
found evidence of disturbed liver function in two children whose only departure 
from health had been recent upper respiratory infections, and in 9 of 13. ehil- 
dren with histories of repeated colds. These findings are consistent with the 
observations made in the present study, where 8 of 9 children and adolescents 
showed some degree of bromsulphalein retention. 

While the variations in bromsulphalein retention in relation to age are 
statistically significant, their actual significance is somewhat impaired by ‘he 
high proportion of patients with mild symptoms in the age group 21 to 40, and 
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the high proportion with severe symptoms in the age group 61 and over. Il 
may be significant that in the series of studies which have been made on pa- 


tients with low-grade chronic illness,** *"?* the group from 21 to 80 vears of 
age showed fewer deviations from the normal than did any other group. 

The variations in bromsulphalein retention in relation to severity of symp- 
toms also are consistent with the observations made in other studies of low- 
erade chronie illness. Patients with mild svmptoms showed the least deviation 


* the nonfilament-filament ratio.2* the 


from normal in the sedimentation rate,’ 
incidence of pathogenie streptococei,2" and in the basal metabolic rate;?* and 
persons with severe symptoms showed the greatest deviation from normal in all 
of these tests. Rawls, Weiss, and Collins* noted that liver dysfunction occurred 


] 


with greater frequency in patients with severe than in those with mild rheuma- 


toid arthritis. 
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SEDIMENTATION RATE — MM. 


Fis Relation of bromsulphalein retention (units) and sedimentation rate (mm. in one hour, 
Westergren) in individual patients. 


While patients with high sedimentation rates had = significantly greater 
bromsulphalein retention than did those with low sedimentation rates, it is pos- 
sible that abnormal results with both tests are related more to the severity of 
illness than to each other. In view of the high degree of bromsulphalein reten- 
tion oceasionally associated with a practically normal sedimentation rate, and 
the high sedimentation rates associated with little bromsulphalein retention, 
there does not seem to be a direct relation between the two tests. It is possible, 
of course, that some other test of liver function might give results more nearly 
parallel to the sedimentation rate. It seems more probable, however, that, as 
Winirobe*® has said of the sedimentation rate, neither the sedimentation rate 
nor ‘he bromsulphalein retention should be regarded as a precise, quantitative 
measirement, but should be aecepted as a general indication of somatic or 
hepatic disturbanee. 
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SUMMARY 


Studies of bromsulphalein retention were made on 112 patients with low- 


gerade chronic illness, using a dose of 5 mg. per kilogram of body weight. 


evidence of liver dysfunction. Of the 96 with dysfunction 33 showed more 


On the basis of Macdonald’s criterion of normal excretion all but 16 showed 


than 20 units retention of bromsulphalein. 


females. 
the general average and that of patients over 60 was greater, but the actual 


The mean bromsulphalein retention of males differed little from that of 


slenificance is uncertain. 


symptoms was compared with the mean retention of patients with moderately 


severe and severe symptoms, statistically significant differences were found, the 


When the mean bromsulphalein retention of patients with mild general 


respective values being 10.0, 18.9 and 44.7 units. 


ot 


While patients with high sedimentation rates tended to have a high degree 


bromsulphalein retention, there were a number with high rates who had 


little retention, and a number with low rates who had considerable retention. 


CONCLUSIONS 


Impairment of liver function is found in a considerable proportion of 


patients with low-grade chronic illness. 





The degree of impairment varies directly with the severity of symptoms. 
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SULFONAMIDES* 


Wintuiam G. Crark, Pu.D., Ernest A. Srrakoscu, M.D... M.S.. AND 
NATHAN LT. Leviranx, M.S... MINNEAPOLIS, MINN. 


HILL working in the field of the local application of sulfonamides to in 

fections, we frequently needed solubility and pt data of the sulfonamides. 
A search of the literature has failed to reveal a source of collected data on these 
physical properties of the more commonly used sulfonamides. The data whiel 
exist are very scattered and frequently appear in papers which are abstracted 
in such a way as to disguise the fact that sueh data do appear in the papers. 
Moreover, some data are lacking in the literature we have been able to examine, 
ineluding brochures and pamphlets of various commercial firms. 

Hence it was thought that if these data were made available in collected 
form in a single table, it would prove extremely useful to workers in the fields 
of chemotherapy, particularly at the present time. For this reason, we have 
determined the solubilities of the commonly used sulfonamides and their sodium 
salts at room temperature and at body temperature in water and in human 
serum. In addition, we have determined the pH values of the saturated aqueous 


solutions, since this information is also lacking in many instances. 
EXPERIMENTAL 


A small tinted glass container containing excess sulfonamide in earbon 
dioxide-free distilled water or in serum, was shaken in a water bath thermo- 
statically controlled to within 0.1° C. for twenty-four hours. The saturated 
solution was then filtered by aspiration through a washed and dried asbestos filter 
stick into a weighed weighing bottle. The entire apparatus was kept at the 
temperature at which the compound was dissolved (25° C. or 87° C.). The 
amount dissolved was then determined by the method of Bratton and associates,’ 
using a photoelectric colorimeter. The pH values in carbon dioxide-free distilled 
water were determined at 25° C. with a Coleman pH meter (glass electrode 
ealomel electrode). The results are tabulated in Table I, along with values col- 
lected from the literature by other workers. 

The large difference in solubility of sulfathiazole and sulfadiazine in water 
versus serum are striking, especially the latter. It has been pointed out Dy 
Roblin and others,* that blood levels exceed the solubility of sulfadiazine in water, 
while the blood levels obtained with the other sulfonamides are below the water 
solubility. 

*From the Division of Physiology, Department of Zoology, and the Division of Dermatolog) 
and Syphilology, University of Minnesota, Minneapolis. 

Supported by grants from the General Research Fund of the University of Minnesota, 
and the Abbott Laboratories, North Chicago, Ill. Assistance was furnished by the personnel 
of Work Projects Administration, O.P. 165-1-71-124, Subproject 383. 


Received for publication, July 15, 1942. 
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TABLE I 


SOLUBILITY AND PH DATA OF SOME OF THE COMMONLY USED SULFONAMIDES 


(% grams per 100 Gm. of the solvent ) 
25° Cc. TEMPERATURE 37° C. TEMPERATURE 
Bi HUMAN REMARKS ; HUMAN 
OMPOUND WATER ou eee WATER ; 
Be SERUM rH REFS. a SERUM REFS.| REMARKS 
{ ¢ ) 4 ¢ ) 4 
(¢ ) (¢ ) 
¢ ¢ 
Sulfanilamide | 0.856 0.98] 7.15 Lt 1.460 L970 L 
0.750 ; 4 1.500 { 
Sulfathiazole 0.0502 0.234 D.90 \F At 6 (", 0.0960 0.550 Ly 
0.0600 ae Cie Rec » 0.0942 10 
0.0940 bat 
O.1S4 } At 36 
Sulfapyri 0.0268 0.053 6.65 L, 0.0486 | 0.0756 F 
dine 0.0280 eee 7 0.0495 5 
O.0490 7 
0.0530 | - : 9g 
a O.061L0 } At 36 
Sulfadiazine 0.0077 0.115 5.75 L 0.0127 | 0.161 L 
: 0.124 } At 36 
0.0123 F 8 
0.0120 O.107 10 
ata) 0.247** 10 
Sodium sulfa- | 45.0 WO) L, Coagulates | 60.0 I, |Coagulates 
thiazole 15.0 ° serum serum 
Sodium sulfa-| 52.0 10.85 L, Conegulates | 80.0 L /|Coagulates 
pyridine O4.0 6 serum serum 
Sodium sulfa-| 50.0 9.90 L, Coagulates | 65.0 L |jCoagulates 
diazine serum serum 


*All pH determinations were made in carbon dioxide-free water solutions. 
fl. refers to our determinations The numbers refer to those of others. 
Horse serum. 
*Defibrinated rabbit blood. 
****The pH values for 0.01 molar aqueous solutions were found to be 


Sodium sulfathiazole pH 9.20 
Sodium sulfapyridine pH 10.10 
Sodium) sulfadiazine PH 8.75 


We are at present determining similar data for the sulfonamides in other 
solvents which may be of more practical use in the topical treatment of infee- 
tions. 
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FAT METABOLISM IN ACNE VULGARIS* 


Epwarp B. LEWINN, M.D., AaNp I. ZuGerRMAN, M.D. 
PHILADELPHIA, PA. 


HILE the relationship between fat metabolism and aene vulgaris’ has 

been suggested previously,' no studies of this problem have been made by 
methods which reflect the status of the fat metabolism in this skin disease. It 
has also been proposed that aene vulgaris is of endocrine origin, but up to the 
time of the present report the investigations have been disappointing, the results 
permitting no certain conclusions. Cholesterol is chemically related to the 
steroidal hormones, such as estrogens and androgens, the latter having been 
found to cause acne when given to women in very large doses.2. On the other 
hand, cholesterol is intimately associated with the metabolism of fats. This dual 
relationship was utilized in a study of fat tolerance in acne vulgaris, herein re 
ported, employing the blood cholesterol as an indicator of the blood lipid con- 
tent.” 

MATERIAL 


In this investigation 20 patients, 12 females and 8 males, with aene vulgaris 
were studied. Their ages ranged from 11 to 29 vears, the average being 19 vears. 
The duration of their acne varied from one month to 11 years. The severity of 
the lesions varied from a few well-marked comedones and pustules on the fore- 
head to extensive and active involvement of the forehead, face, shoulders, chest, 
and back. Most of the 12 female patients exhibited some menstrual disturbances, 
mainly irregularity or amenorrhea. 

Thirteen patients without evidence of past or present aene were studied 
for comparison with the acne patients. These patients also served as controls in 
a study of fat metabolism in psoriasis.*. There were 8 women and 5 men in the 
group, ranging in age from 20 to 65 years, the average being 41 vears. The 
average age of the control group is considerably higher than that of the acne 
patients. However, advancing age causes only very slight changes in blood 
cholesterol levels.* 

PROCEDURE 

After a twelve-hour fast a blood specimen was taken. The patient then 
drank 500 ¢.c. of 20 per cent cream, representing 100 Gm. of fat. Blood speci- 
mens were then obtained at intervals of one and one-half, three, four and onie- 
half, six, and seven and one-half hours, and the whole blood was examined for 
total cholesterol by the method of Bloor.’ During the time of the test each 
patient was allowed to take an occasional sip of water. Most patients were 
ambulant but activity was closely restricted. 


*From the Medical Service of Dr. Mitchell Bernstein and the Dermatological Servic. of 
Dr. A. Strauss, Jewish Hospital, Philadelphia. 
Received for publication, August 7, 1942. 
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RESULTS 
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The fasting total cholesterol levels in 20 eases of aene vulgaris were between 


125 me. and 275 me. per 100 ¢.c. of whole blood, the mean being 173 me. 


In the 


13 control cases the fasting cholesterol ranged from 123 to 250 mg. per 100 ¢.e., 








r 350 
© 
oO 
9 300 
per as iit oe 
s 250 = iia ie 
48 aa i “We 
ape 200 * ————— i a 
) _—* a 
=" a <a 
2 ® 
Ao «(150 
2£¢ 
ae 
-o 100 <== Cantrots 
s 
& 50 ———_*——— Acne Vulgaris 
’ 
= 
Fasting 1é hr. 3 hr’. 4s hr. 6 hr. 7% hr. 
Time in 1}-Hour Intervals 
Fig. 1.—Composite blood cholesterol curves following the ingestion of fat. 


the mean being 188 me. 


In the aene patients the range of increases from fasting 


to the highest level of blood cholesterol was from 25 me. to 208 mg. per 100 ee. 


of whole blood, the mean beine 838 me. 
showed inereases above the fasting level of from 42 me. to 198 me 
of 119 me. (Table 1). 
TABLE I 
PATIENTS WITH ACNE VULGARIS 


CASI FASTING 114 Wr. 3 HR. $y HR, 6 HR, 7! 


» 

] 125 132 150 192 227 150 
g 125 35 15] 156 147 131 
132 150 (eo 185 178 150 

139 156 166 | 166 | 178 | 208 

147 166 | 72 192 217 178 

150 | 178 208 238 192 | 166 

7 150 72 | 192 | 200 217 72 
16d Ly? 178 | 185 208 160 

160 / 208 | 250 | 227 | 175 | 160 

160 | 192 222 227 208 | 178 

| | | } | 

166 =| 6 iso | 287) | 89 | a2] 8 
66 | 56 | 7d ft | 66 | 138 

166 191 | 250 | 263 227 | 171 

166 | 178 208 | 238 192 166 

92 | 208 | 217 | 227 | 250 | 208 

NR | 997 | 950 263 | 238 192 

08 | 250 | 312 | 416 | 208 | 178 
207 | 963 | 295 | 333 | 250 | 192 
50 333 | 257) | 455 | 857 | 312 

- 275 257 | 312 2 aan 184 | 166 


‘a for control patients have been presented in an earlier publication. 


On the other hand, the control group 
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Examination of the curves of the means of the two groups does not reveal 
a significant difference between them in fat tolerance, all points of the composite 
curves of both groups being within accepted normal limits. The marked simi- 
larity between the aene and the nonaene patients is further emphasized by 
statistical examination of the figures. The application of the ¢ test to the fasting 
levels of blood cholesterol gives a value of 0.3. The value of ¢ for the peak levels 
of the two groups is 0.6. For groups of the size studied in this report ¢ should 
have a value of 2.04 or greater to be considered significant. It is worthy of note 
that Strickler and Adams® were also unable to demonstrate any departure from 
normal in the fasting blood cholesterol levels of acne patients. 


CONCLUSIONS 


A study of the fat tolerance, as indicated by blood cholesterol changes fol 
lowing the ingestion of fat, of a group ot 20 patients with acne vulgaris fails 


to reveal any difference from a group of patients without acne vulgaris. 


Dr. kx. D. Burdick, of the University of Pennsylvania, assisted in the statistical review 
our results. 
Dr. O. E. Heim, Jr., permitted us to study several of his patients in the Dermatologic 


Service at Frankford Hospital. 
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LABORATORY METHODS 








GENERAL 


A MODIFICATION OF THE KAHN TEST FOR USE WITH 
HEMOLYZED BLOOD* 


H. J. LAWLER, Sc.D., St. Louis, Mo. 


. LABORATORIES which perform diagnostic tests for syphilis, one diffi- 
culty is that presented by blood specimen that has undergone so much 
hemolysis that precipitation tests cannot be read. The physician is usually 
notified that the specimen is not suitable for diagnostic test, and he is asked to 
send another sample of blood. There is inconvenience to both physician and 
patient. 

Some idea as to the frequency of such hemolyzed specimens may be gained 
from the following tabulation of the last two vears’ experience of the St. Louis 
City Bacteriological Laboratory, where Kahn tests are performed on blood 
specimens collected by messenger from various points throughout the eity each 


evening and tested the day after the blood is drawn. 


1940 1941 
Total number of Kahn tests run 55,518 T4.918 
Number hemolyzed 343 689 
Percentage hemolyzed} 59 Q] 


The sharp increase in the number of hemolyzed specimens in the latter 
vear is probably related to the fact that many of the specimens submitted in 
connection with the selective service physical examinations were drawn by 
physicians who had previously had relatively little experience with the sub- 
mission of specimens to the municipal laboratory. Those physicians who send 
them in frequently are apparently more aware of the precautions whieh aid in 
the prevention of hemolysis. 

When the percentages of hemolyzed specimens received by the laboratory 
are eraphieally represented in relation to the months of the vear, as in Fig. 1, 
it is apparent that the problem is accentuated during the summer months. 
This was particularly true during 1941, when approximately four such speci- 
mes were received by the laboratory each working day from May through 
September. 


; From the Department of Bacteriology and Immunology, Washington University School 
of Midicine, St. Louis. 


Included as hemolyzed are those specimens containing enough hemoglobin to obscure 
Compictely the reading of the Kahn test. 
teceived for publication, April 24, 1942. 
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The best solution of the problem would be the prevention of hemolysis, 
and much of it ean be prevented by reminding the physician of the simple 
precautionary measures: 

a. Use of a dry syringe and a fairly large needle. 

b. Permit the blood to flow into the syringe, with a minimum of nega- 
tive pressure. 

ce. Remove the needle from the svringe before gently emptying the 
syringe. 

d. If feasible, place the specimen in a refrigerator, especially if there 
may be delay in getting it to the laboratory. 

If, however, hemolyzed specimens are sent in, then the laboratory might 
well make use of them if adequate modification of existing methods is mad 
available to assure the reliability of such tests. Any satisfactory method should 
remove the hemoglobin, should give the same results that would have been 
obtained with elear serum from the same source, and should be adapted to the 
equipment and skills of the usual publie health laboratory. 

The particular method deseribed herein is essentially a modification of the 
usual Kahn test for spinal fluid. The serum is diluted with a relatively large 
volume of ammonium sulfate solution to ‘‘salt’’ out the globulin; this is eentri- 
fuged to a minimum volume. The supernatant solution, containing most of the 
hemoglobin of the original specimen, is poured off, the globulin is redissolved, and 
a slightly modified Kahn test is performed on the globulin solution. 


MATERIALS AND METHODS 


Syphilitic sera for testing the efficiency of the proposed method were ob- 
tained from the St. Louis City Bacteriological Laboratory. Only weakly posi 
tive and negative sera were used, for it was found that strongly positive sera 
gave uniformly positive tests even with less adequate modifications of the method 
and, therefore, could not be used in comparative evaluations. ‘* Hemolyzed 
specimens’? were prepared from these sera by the addition of ‘‘hemoglobin 
solution’’ prepared in the following manner: Packed red blood cells from non- 
syphilitic blood were alternately frozen and thawed until hemolyzed. After 
removal of stroma by centrifugation, the resulting serum was adjusted to con- 
tain 20 Gm. of hemoglobin per 100 ml., as determined by the eyanmethemo- 
globin method in the Evelyn colorimeter (Evelyn and Malloy, 1938), and 0.2 
ml. of this ‘“‘hemoglobulin solution’” was added to 0.8 ml. of serum of known 
syphilitic titer to produce 1 ml. of a hemolyzed specimen. These proportions 
were determined by estimation that hemolysis sufficient to obscure completely 
the Kahn precipitate might add 20 per cent to the volume of the serum. 

The Kahn tests were performed in the manner prescribed by Kahn (1925 
They were read immediately after the addition of saline, and again after fifteen 
minutes; the amcunts of precipitate in the three tubes are expressed in the 


tables in this paper in terms of plus signs. The results of the second readin 
are recorded above the results of the first, if there was any change. 


PREPARATION OF GLOBULIN SOLUTION 


1. The specimen is subjected to centrifugation to remove cells, clot frag 


ments, ete., as in the usual preparation of serum (fifteen minutes a 
2,000 r.p.m.). 
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2. One milliliter of the supernatant fluid is pipetted off into a small round- 
bottomed test tube (the 100 by 12 mm. size is convenient), and after 
addition of 5 ml. of ammonium sulfate solution* the mixture is ineu- 
bated at 56° (. for fifteen minutes. 

3. The precipitate which is formed is separated by centrifuging at 2,000 
rp.m. for twenty minutes. Supernatant fluid is poured off, and the 
tube containing the precipitate is inverted over absorbent paper to 
remove as much of the salt solution as is convenient. 

4. The sediment in the tube is dissolved by the addition of 1.3 ml. of dis- 
tilled water, while stirring with a wooden applicator stick, and after 
centrifuging for five minutes at 1,500 r.p.m., the supernatant is trans- 
ferred into another tube by means of a capillary pipette. 

5. Three tube Kahn test is now set up, using 0.15 ml. of this globulin solu- 

tion (instead of serum) and the usual amounts of antigen (Kahn, 

1928) in each tube. The mixture is shaken at the rate of 275 times per 

minute for four minutes instead of three. 


% 
Hemolyzed 


2.2 <<" ———- 194] 


2.0 tomee- 1940 











Month 


Fig. 1.—The occurrence of hemolyzed specimens among those received during 1940 and 1941 
by the St. Louis Municipal Bacteriological Laboratory. 


The reliability of this proceedure was tested by using it with (a) ‘‘hemo- 
lyzed specimens’? prepared as outlined previously, and (b) similar specimens 
Were prepared by the addition of negative serum to the syphilitie sera in place 
of “hemoglobin solution.’’ In Table I are listed the results of such tests, along 
with the results of standard Kahn tests run simultaneously on twenty-four 
different sera. 


n general, these comparative tests showed good agreement between the 
standard Kahn and the modified test with globulin solution; the greatest varia- 


‘he solution is prepared by adding 48 Gm. of “analytical reagent’ grade ammonium 


sulfate to 100 ml. of distilled water. In adding this to the serum, blowing it in is an easy 
method of mixing. 
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tion between the two in the ease of any one serum was ++. The reagin-antigen 
precipitates were slightly smaller when formed from the globulin solution than 
when formed from whole serum, although the recommended extra minute’s 





shaking given the antigen-globulin mixture tends to make this difference less 
pronounced. 

An additional observation, possibly bearing on the evaluation of the modi 
fied test, was made in the ease of globulin prepared from known negative sera: 
doubtful reactions | were frequent, and one-plus precipitates were formed 
in the middle tube in several cases. The particles of these precipitates wer 
smaller and more evenly distributed than the usual Kahn precipitates. 

TABLE | 
RESULTS OF A MODIFIED KAHN TEST ON SOLUTIONS OF GLOBULIN COMPARED WITH THE RESU! 


OF THE STANDARD KAHN TEST ON THE UNALTERED SERA 


GLOBULIN PRECIPITATED FROM 


(A) O.S ML. POSITIVE SERUM 4 = CONTROL KAHN TES 
SERUM (B) OLS ML, POSITIVE SERUM 
0.2 ML. ** HEMOGLOBIN ON ORIGINAL SERA 


NO. + 0.2 ML. NEGATIVE SERUM 
SOLUTION 


TUBE 1| TUBE 2 TUBE 5 TUBE 1] TUBE 2 TUBE 3 rUBE 1 TUBE 2 rUBI 


FACTORS AFFECTING THE MODIFIED TEST 


1. The amount of fluid used in dissolving the globulin. 

Using four ‘‘hemolyzed specimens,’’ prepared as outlined previously, pat 
allel modified Kahn tests were run on solutions of globulin made by the addi- 
tion of 0.8, 1.0, 1.2, and 1.4 ml. of 0.9 per cent saline solution to the preeipitates. 
The results of these tests and of the simultaneously run standard Kahn ests 





on the original sera (Table IIT) showed the closest correspondence in the 
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of the solution made with 1.2 ml. of saline. More than that amount (1.4 ml. 
seemed to make the test less sensitive, while less (1.0 ml.) made it more sensi 
tive, negative serum number 5 showing a doubtful positive. Still less produced 
bizarre reactions (see Table IT). 

2. The effeet of increased amounts of hemoglobin. 

Four sets of ‘‘Shemolyzed specimens’? were prepared, containing different 
amounts of ‘‘hemoglobin solution,’’ as outlined in Table III. Modified Kahn 
tests on globulin precipitated from these gave results very similar to those 
obtained with standard Kahn tests on the sera; the added hemoglobin appar 
ently interfered little, except in the case of the specimens prepared with 0.4 
ml. of *“‘hemoglobin solution.”’ In these the second reading showed increases 
in the amounts of precipitate. In possible explanation of this it was noticed 
that the volume of the precipitated, centrifuged globulin in these tubes was 
about double that precipitated from those having only 0.1 ml. of ‘‘hemoglobin 
solution.”’ The rest of the results, with specimens containing smaller amounts 
of ‘Shemoglobin solution,’’ so closely paralleled the control results that it seems 
likely the effect of hemoglobin on the globulin precipitation is probably small, 
within a rather wide range of concentration. 

3. The ammonium sulfate solution. 

It is recommended that ‘‘analytical reagent’’ grade of this salt be used, so 
that solutions used for globulin precipitation would be approximately the same 
regardless of the source of the chemical. In order to insure that the solution 
would be half saturated even at summer temperatures, it is made up with 48 
Gm. added to each 100 ml. of distilled water. Five milliliters of this solution, 
plus 1 ml. of the serum from the hemolyzed specimen results in a solution that 
would be half saturated with ammonium sulfate at any temperature below 
36° C, 


SUMMARY 


The problem of hemolysis in blood submitted to the St. Louis Municipal 
Bacteriological Laboratory is discussed. .A method for performing a modified 
Kahn test on such ‘*hemolyzed specimens’” is deseribed, and the results of eom- 
parative tests with this method and the standard Kahn test are given. 

The modified Kahn test described herein for use with hemolyzed blood has 
been found to give approximately the same results as the standard Kahn. test 
in comparative tests with a limited number of specimens. It is, therefore, 
being recorded with the view of suggesting comparative trial in’ laboratories 
which find hemolysis a definite problem. 


I wish to express my gratitude to Dr. J. J. Bronfenbrenner and Mr. Nathan Nagle 
advice and assistance in connection with the work. 
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A SIMPLE AUTOMATIC DISTILLING UNIT* 


Braprorp N, Craver, Pu.D.. AaNp Howarp L. Winttamson, B.Ep* 
Derrorr, Mict. 


HK problem of redistilling two or three gallons of water every day can be 

troublesome when the largest flask available for a still has only the eapacity 
of a liter. The use of a much larger flask is not satisfactory when only small 
burners are available for heating it. Accordinely, we devised the apparatus 
herein sketched to solve the problem. It permits continuous distillation through- 
out the day without, in our experience, requiring the slightest attention. A 
hasty survey of the literature plus consultation with our associates has failed 
to reveal a similar arrangement. Albeit, since the principles involved are so 
simple, they have undoubtedly been combined before to the same end. Hence, 
we make ¢laim to nothing more than independent discovery. However, with the 
realization that other laboratories with limited apparatus may face a similar 
problem, we considered it worth while to make available a detailed deseription 
of the unit. 

Essentially the siphon prineiple is combined with that of the Mariotte bot- 
tle. The bottom of the tube, B, in the Mariotte bottle, A, is adjusted so as to 
lie in the same horizontal plane as the surface of the water in the flask, C, when 
the flask has been filled to a level convenient for distillation. In practice the 
fluid usually rises somewhat higher in the flask C than the level caleulated be- 
cause the air in the Mariotte bottle A becomes progressively hotter as the dis- 
tillation proceeds, due to the small amount of steam which bubbles back through 
the tube D. Accordingly, we usually adjust the Mariotte bottle, so that the end 
of the tube, B, is in the same horizontal plane as the surface of the liquid in 
the flask C, when the flask is about two-thirds full. The end of the siphon 
tube, D, is bent slightly upward and outward so that the orifice is near the wall 
of the flask. This tends to minimize the amount of steam which always bubbles 


back up through the tube, D, into the Mariotte bottle. Although this steam 
heats the water in the Mariotte bottles as the distillation progresses, in our ex- 


perience this has neither interfered with the smooth operation of the unit nor 
cracked the nonpyrex Mariotte bottle. The lower opening of the tube, D, must, 
of course, be below the lower end of the tube, B, or the water will fail to siphon 
into flask C, as the distillation boils off the fluid in flask C. /7T is merely a plug 
of glass wool to prevent the entrainment of impure water droplets in the steam 
Which passes over into the condenser, E. Any flask may serve as a receiver, fF. G 
is a cotton plug to guard the opening of the receiver, F', so that no dust ean fall 
into the receiver. The area of the condenser surface, if too small, will, of course, 
limit the rate at which one can distill since some of the steam, when too small a 


*From the Department of Pharmacology, Wayne University College of Medicine, Detroit. 
Received for publication, April 22, 1942. 
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condenser is employed, will pass over into the receiver uncondensed. In actual op- 


eration the distillation is started with water in flask C, at the usual level, about 
two-thirds full. As the water in C boils down to a critical level about one inch 
above the bottom of the flask, water begins to siphon over into the still, C, from 
the Mariotte bottle, A. This cool water stops the boiling until flask C is again 
about two-thirds full, at which point siphoning ceases. With each succeeding fill 


ing the water will rise to a slightly higher level in flask C, because the air in thi 









































Mariotte bottle, as already noted, grows hotter as the distillation continues. All 
connections must be airtight and this precaution apples especially to the stopper 
in the top of the Mariotte bottle. With the precautions mentioned the distillation 
ean be started early in the day and will smoothly proceed unattended as long as 
there is water in the Mariotte bottle. With our 10-liter Mariotte bottle it runs 
all day. 

We offer this device in the hope it may prove of equal convenience to other 
laboratories faced with a similar problem. This arrangement is now being 


utilized by associates in other departments. 





A METHOD FOR RAPID, REPEATED, APPROXIMATE 
DETERMINATIONS OF THE TRANSVERSE 
DIAMETER OF THE HERART 


SAMUEL WALDMAN, M.D., Brookiyn, N. Y. 


Hi routine determination of the transverse diameter of the heart is usu- 

ally aecomplished by means of teleoradiography, orthodiagraphy, and flu- 
oroscopy.' 

The teleoradiogram is the x-ray film of the heart, conventionally taken at 
a distance of six feet. This technique involves the use of x-ray equipment and 
x-ray film. In orthodiagraphy the examiner draws the outline of the heart in 
the visualized plane. This method requires much time and skill. With the 
fluoroscope, a direct examination is made, and contours can be studied in active 
motion. 
































In order to determine rapidly and approximately the transverse diameter 
of the heart, I have devised a simple attachment to the fluoroscopie screen which, 
ina small degree, obviates the use of film and the orthodiagram, but which is not 
intended to supplant them. 

lor the conventional 12 by 16 ineh fluoroscopic screen, a strip of x-ray 
film, 34 by 16 inches, is cleared of emulsion by soaking in hot water. When it is 
thoroughly dry, lines are drawn on it with India ink as per diagram (Fig. 1). 
The width of the strip in the diagram is exaggerated for illustrative purposes. 
The ink is radiopaque and is easily seen during fluoroscopy of the chest. The 
complete lines indicate 5 em., the incomplete lines 1 ¢m., and the dots 0.5 em. 
Thus the accuracy is immediately limited to within 0.5 em. The first line is 
drawn just © ‘thin the edge of the screen. When ready, the strip is inserted into 


the ase of the sereen. 


‘eceived for publication, May 5, 1942. 
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By raising and lowering the sereen, the widest diameter of the heart can 
be projected to this base line, and the measurement noted at onee, giving the 
transverse diameter of the heart. 

The patient must always stand touching his back to the fluoroscope, whili 
the screen rests against the chest wall, and the head faces directly forward. Thi 
reading is taken at the end of inspiration. Under these conditions the measure 
ments will be consistent and accurate. The figure obtained remains constant 
for the same patient under the same conditions. Repeated observations have 
borne this out. Little practice is required for rapid acquisition of the tech 
nique. 


HEIGHT | TRANSVERSE DIAMETER OF THE HEART 
WEIGHT R : tae VEvTr a. aN 

INCHES ) PREDICTED OBTAINED DEVIATION 
Normal Hearts 

67 

63 

601 

62 


61 


621 

Hype rtensive Hearts 
F “181 62 
EF 125 60 


] 
l 
M 145 64 ] 
l 
l 


16 

23 170 
28 160 
M 158 G7 3 
M 146 64 


ol 190 


28 142 


This method of measurement has its greatest advantages when repeated 
studies of cardiae size are desired, especially at no material expense. Where 
changes in eardiae size occur, definite alteration in diameter can be determined 
at onee. In the reversibly enlarged hearts of beriberi, myxedema, arteriovenous 
fistula, and cardiae dilatation, repeated measurements become invaluable and 
are easily determined by this method. Progressive enlargement or retrogression 
in the size of the heart can be observed easily, and recorded. Studies by Garland 
and McKenney? on the reversibly enlarged heart of thiamin deficiency revealed 
changes in the transverse diameter of the heart, as measured on 6 foot fil 
averaging a 2.7 em. decrease in diameter in an average of fifteen days. The 
tremes varied from 1.0 to 4.5 em. decrease in diameter of the heart, following | 
administration of thiamin. Such changes ean be easily determined by 
method herein described, without the use of film. Numerical records thus « 
ate somewhat repeated orthodiagrams and teleoradiograms. 

Because of the closeness of the chest to the tube, the rays which strike 
thoracic cage borders are too divergent for even approximate determinatio! 
thoracic diameters which might conform to any tables. For the same re 
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the larger the heart the more does its measure deviate from predicted figures. 
In this way, changes in size are more exaggerated than is actual, and therefore, 
more easily determined. The most accurate results are obtained in the normal 
heart size. 

Ungerleider and Clark® in 1939 prepared tables of the transverse diameters 
of the heart, with which these measurements of the normal heart conform. The 
ereatest deviation in the clinically normal heart was 9 mm. The least was 0 mm. 
Where clinical heart disease with enlargement existed, the figures roamed far 
from the predicted table. 

In Table I are presented 15 patients with normal hearts, and five patients 
with hypertrophied hearts associated with hypertension. The comparative re- 
sults by this method are easily seen. 


SUMMARY 


A simple method of immediate approximate measurement of the transverse 
diameter of the heart is described, obviating to a certain extent the use of ortho- 
diagrams and teleoroentgenograms. Repeated studies in the same patient give 


excellent comparative results, and changes in the size of the heart are easily 


observed and recorded. Film is conserved, and time and expense are reduced 
to a minimum. 
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APPARATUS AND TECIINIQUE FOR MEASUREMENT OF VIBRATORY 
THRESHOLD AND OF VIBRATORY *‘ ADAPTATION’? CURVE* 


CHARLES |). ARING, M.D., CINCINNATI, OHIO, AND W. O. FROHRING, B.S., 
CHAGRIN FALLS, OHIO 


N THE clinical study of neurologic disorders attempts have been made to 

determine the appreciation of vibration. Little is known concerning thi 
physiologic factors underlying this phenomenon other than the fact that the 
integrity of certain neural pathways is essential. 

In order to elucidate the influence of various physiologic factors, such 
as circulation, respiration, emotion, and such physical factors as temperature 
and pressure on the appreciation of vibration, it was necessary to consider 
quantitative procedures. Numerous attempts at quantitative measurement had 
been made with but little headway until 1929, when an instrument was con- 
structed for Tilney by Hlenney.' Subsequently, Laidlaw and Tlamilton® im- 
proved this instrument (pallesthesiometer) and emploved it) to study the 
vibratory thresholds of various body surfaces. In spite of improvements, how- 
ever, certain shortcomings still existed in the apparatus. It was our aim to 
devise an instrument which would retain the simplicity of the one constructed 
by Laidlaw and Hamilton, and at the same time eliminate certain variables 


which seemed inherent in their apparatus. 
DESCRIPTION OF APPARATUS 


The apparatus which was devised for these studies is illustrated in Fig. 1, 
the Wiring diagram in ie, a A Raytheon automatic voltage reeulator Was 
employed to reduce the voltage variation to plus or minus 0.5 per cent. The 
vibrating applicator has a standard resistance of 90 ohms and differs from the 
instruments employed by other investigators in that it vibrates horizontally, 
rather than vertically, to the surface of the area. Since an increase of press 
would tend to dampen the amplitude of vibrations applied vertically to 
skin area, horizontal vibration was chosen, for it is less likely to be affecte 
by pressure variation. 

Results of preliminary tests on several subjeets indicated that am: 
imum voltage of 50 would cover the most practical range with a 5,000 ohm 
tentiometer if the latter were ‘‘even’’ wound rather than *‘taper’’ wound. 
dial divided into 100 divisions gives a more nearly logarithmic funetio: 
the amplitude than does a dial calibrated in arithmetic units. The arbitrary 


use of the dial reading for recording determinations seems to be entirely ] 


tical for comparing results. Because of possibility of error in’ calibr: 


*From the Neurological Service, Cincinnati General Hospital. the University of 
cinnati College of Medicine, and the Research Laboratories of the S. M. A. Corporation. 
Received for publication, May 15, 1942. 
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\ 


\ portable pallesthesiometer. 
1, Voltmeter. 7, Dial for recording amplitude of vibrator. 
2, Interval timer. 


XS, Electronic converter for use with direct 
}, Switch for full amplitude of the vibrator. current. 
}, Main switch. %, Push-button signal (operated by patient 
5, and 6, Voltage control knob. who indicates when vibration is felt). 
10, Vibrator. 


y- Switch for cutting out resistance 
when using Vibrator 
at full intensity 


/ 





i Plug a Switch | 


/ / 
f ™ “Dropping “Dial 
a Resistor Rheostat 


y -O 
/ Z eo “Vibrator 


— Automatic Voltage / 


Regulator / 
Pilot Lamp Silent Switch 


Fig. 2.—Wiring diagram of the pallesthesiometer. 
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methods, no attempt was made to calibrate the dial readings in terms of **units 
of energy’’ or “‘amplitude.’’ In the preliminary studies, when the pallesthesi 
ometer had an input of 110, the dial reading at zero (with the voltage across 
the vibrator) was 414 volts; at a maximum dial reading of 93, 49 volts. In case 
the automatic voltage regulator is not used, a variable resistance must replace 
the dropping resistor in the vibrator circuit and a voltmeter must be placed 
across the leads to the vibrator. When only direct current is available, an 
electronic 60-cvele convertor may be inserted ahead of the instrument. 
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o=oStyloid process of 
radius. A thirty year 
old physician, normal. 
Dr. G. M., Male, Age 30 
Tested March 12, 1941 


DIAL READING 


e-eStyloid process of 
radius. A thirty year 
old physician with mild 
diabetic neuritis. 
Dr. S. E., Male, Age 30 
Tested Sept. 8, 1941 
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Vibratory “adaptation’’ curves. 


METHOD 


A modicum of attention is required on the part of the subject. After the 
procedure is explained, the subject may recline in the dorsal or ventral posi- 
tion. The vibrator is then applied to an area remote from that to be tested, 
so that the stimulus might be reeognized before the test is begun. The ap- 
plieator is held at right angles to the point tested, the weight of the entire 
applicator at that position representing roughly the pressure exerted on the 
skin. The initial threshold is then determined. With the dial set at zero and 
the vibrator applied to the test area, the dial is turned up slowly until the 
stimulus is perceptible. This process is repeated several times, allowing rest 
periods of thirty seconds to one minute between stimulations. It would be 
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logical to assume that threshold readings could be verified by starting with 
a stimulus heavier than the threshold, turning the dial toward zero, and 
recording the voint at which the subject no longer perceives vibration. How- 
ever, such a procedure results in an ‘‘adaptation’’ to the stimulus, particularly 
if the latter is heavy and is applied for more than an instant. Hence, it can- 
not be used to determine the threshold value. 

The rate at which vibratory thresholds are approached has no effect on 
the final reading; that is to say, a variation in the speed at which readings are 
taken will not influence the subject’s response. If he is reporting inaccurately, 
widely divergent readings are observed, indicating that the subject made his 
report when he thought the stimulus should have been evident rather than 
when it was actually felt. 

The phenomenon of ‘‘adaptation’’ proved to be useful as a more delicate 
evaluation of vibratory appreciation than that educed by threshold determina- 
tion alone. If, having determined the threshold of a surface over a given 
period of time, a heavy vibration was applied, the vibratory threshold was 
raised. When the ‘‘adapting’’ vibration was discontinued, it was found that 
the threshold returned to the original level in a period of a few minutes. 


RESULTS 


Vibratory thresholds were determined in normal persons. It was. ob- 
served that readings in comparable test areas may vary widely from person to 
person. It is well known that the threshold varies from area to area on the 
hody surface. Thus, Laidlaw and Hamilton? found that the vibratory thresh- 
old was lowest in the finger tips and highest at the sacrum. 

Somewhat more constant was the adaptation to an intense stimulation. In 
the majority of subjects, return to the control threshold after a period of in- 


tense vibratory stimulation was observed in several minutes (Fig. 3). A mueh 


longer interval of return was observed in patients suffering from a variety of 
neurologic diseases (degeneration of the posterior columns of the spinal cord, 
subacute combined degeneration of the spinal cord, and peripheral neuritis) 
(Fig. 3). The influence of various physiologic and physical factors on vibra- 
tory appreciation in normal and abnormal states will be described in subse- 
quent reports. 

SUMMARY 


An instrument for the quantitative measurement of the threshold) of 


Vibratory appreciation is deseribed. 
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A SIMPLE 





KIDNEY PLETHYSMOGRAPH* 


FREDERICK HK, Emery, Pu.D., Burrato, N.Y. 


HE kidney ean easily be approached, and by means of a little dissection can 





be freed from the abdominal wall and placed in a plethysmograph. Usually 
some difficulty is experienced in obtaining records of kidney volume because 
the plethysmographs adapted for the kidney have some disadvantages. F?rsf, 
they are difficult to make airtight; second, the vena eava or kidney vessels are 
often compressed, resulting in passive congestion; third, the instrument is fre- 
quently too large to be inclosed in the abdomen and, therefore, the temperature 
of the kidney may be below normal; and fourth, the composition of the plethys- 
mograph prevents visual inspection of the inelosed tissue. With these points in 
mind a simple plethysmograph has been devised which eliminates all these ob- 


jections. 





Fig. 1. 





PLETHYSMOGRAPH } 
The plethysmograph is a eyvlinderical cup-shaped glass container. The bot- 
tom is entirely open and the top is closed, except for the opening of the outlet 
tube. The one shown on the right in Fig. 1 was made for large eats and is 40 nim. 
in diameter and 50 mm. high (this height is somewhat greater than actuall) . 
needed). The two outlet tubes are clearly seen at the top of the picture, while 
at the bottom the notch intended for the passage of blood vessels is evident. This ) 
plethysmograph was made by a local glass blower. A workable, and in our ex- 
perience equally satisfactory, apparatus for small eats can be made from a Jarge ; 
thistle tube connected with a glass T-tube by means of rubber tubing (Fig. 1 
*From the Department of Physiology, University of Buffalo. ‘ 
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TECHNIQUE 

The usual procedure of opening the abdomen and dissecting the kidney 
free from attachments is employed. The plethysmograph is prepared for use 
by placing a short rubber tube on the straight outlet arm. Through this tube, 
and extending through the bottom opening of the plethysmograph, a suture 
thread is passed. A small wire is used to pull the thread through the tube and 
plethysmograph. A suture needle is used to fix the lower end of this thread to 
the capsule of the kidney. The plethysmograph is now placed over the kid- 
ney, adjusted, and held in the desired position by means of a clamp from a 
base stand. The thread is pulled and the kidney is suspended in the elass 
chamber under as little tension as possible. A pinch clamp on the rubber 





9 


: Fig. 2.—Blood pressure of a cat taken with a mercury manometer, upper tracing; base 
line and time in five seconds, middle tracing; and record of kidney volume, lower tracing. Note 
the return of the kidney volume to even less than normal during a rest period of one and one- 
half minutes. <A single dose of 0.5 c.c. of a 1:50,000 solution of adrenalin given as indicated. 
Cat weight 2,000 Gm. 


tubing holds the thread from slipping and closes the opening in the tubing. 
The kidney can be clearly seen and the plethysmograph can be adjusted so 
as to relieve all pressure on the vessels. A little warm mineral oil placed in 
the abdomen will make the plethysmograph airtight. Frequently no oil is 
required to make an airtight seal. If the intestines enter the plethysmograph, 
these may be blocked off with cotton rolled in vaseline, provided care is taken 
hot io obstruet the veins of the kidney. The whole area is kept warm by 
¢losiig the abdominal wall around and over most of the plethysmograph. The 
side 1rm of the plethysmograph is attached in the usual way to the recording 
tambour. 
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Records taken of kidney volume usually clearly show respirations and 
heartbeats, as well as changes in volume due to vasomotor activity. Fig. 2 
shows the effect of adrenalin injected intravenously in an anesthetized eat. 
The expected rise of blood pressure oceurs and constriction of the kidney, as 


indicated by the fall in the plethysmographie record, is evident. 


AN ACCURATE CONSTANT TEMPERATURE WATER BATH 
CONSTRUCTED AT VERY LOW COST* 


BENJAMIN C. Rigas, M.D., PHILADELPHIA, Pa. 


HE need for a small, accurate, constant temperature water bath of low 

cost led to the development of the design described. The accuracy was to 
be within 0.1° C. and the capacity 2 liters. The final cost came to less than 
four dollars. The uses for such a bath in the office or hospital laboratory are 
readily apparent and include blood amylase and lipase, trypsin, urea, amino 
acids, calcium, gastric enymes, inactivation of serum, and vaccine preparation. 

Theory.—Kssentially, the apparatus consists of an electrically powered im- 
mersion heater, controlled by a simple thermoregulator, installed in a small water 
bath of suitable shape to insure thorough mixing by convection. 

The relation between vapor tension and temperature has long been known 


and practically used. In the design described, a mercury column, driven upward 
by the rising vapor tension of a suitable fluid subjected to rising temperature, 


is coupled at an adjustable point to a small mercury manometer. One arm of 
this manometer serves as the moving element of a single pole switeh, making 
and breaking the power circuit of the heater. Undesirable arcing in the switch 
is eliminated by a low capacity condenser connected across the switch cireuit 

The heating element also uses a well-known principle. The resistance to 
alternating current of a low concentration of electrolytes in water is used to 
produce high temperatures within a small space. In this design, two heavy 
gauge, parallel wires are immersed in the tap water of the bath and connected 
to either side of the 110 volt A.C. house cireuit through a thermoregulator. 
When this is in closed position, the water between the exposed wires is kept at 
boiling temperature. Power consumption is regulated to suit the size and tem- 
perature of the bath by a sliding insulator covering one of the wires. 

To eliminate the conventional mechanical stirrer, the heater is placed cen- 
trally in an approximately hemispherical bath, with the result that convection 
currents eliminate any temperature variations outside the sensitivity limits of 
the thermoregulator. (The presence in the bath of test tubes, flasks. ete., pre- 
sents no measurable interference if the spacing between each is at least 2 em. 

Construction.—1. Heater. (Cost of materials, approximately 50 cents.) 

For temperatures up to 45° C., a single pair of parallel, 18 gauge wires, 
of 6 em. exposed length, 2 mm. apart, will deliver sufficient heat to maintain 
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the temperature in 2 liters of water; the cireuit will be closed not more than 
50 per cent of the time. For higher temperatures or larger baths a double unit 
is more satisfactory: two pairs of wires are used, one pair operating con- 
tinuously; the other, connected in parallel, running intermittently through the 
thermoregulator eiveuit. The construction is essentially the same in either case. 


ADJUSTMENT 
_ TUBE 


ae 
WH af 
1 | 
} 


MANOMETER SWITCH- 








VAPOR MERCURY | |) 
/UBE-_ | 
ae a 
(6) 
\ Top FLEVATION— 
HEATER UNIT 


CONTAINER DIAMETER 
NOT TO SCALE- ———>]] 











110 V. AC. 


\lthough the apparatus now in use was built with copper heating wires, 
obable that some other metal, such as stainless steel or silver, would be 
ible to the formation of objectionable salt crusts. 

ie heating wires (A) are passed through the rubber stopper (B) forming 
¢ (of a size to fit tightly the neck of the container), and are secured by 
on into the rubber stopper (() forming the top of the heater. A single 
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hole is bored in ((), at the insertion of one wire of each pair, to fit the glass 
insulating tubes, shown (2D) in the single unit. These are lubricated with sto] 
cock grease; their position regulates the amount of exposed wire surface, and 
hence, the power consumption. A guard is built around the heating wires of 
painted iron wires (/), six in number, spaced evenly about the periphery, the 
ends inserted in the top and bottom stoppers. Two of these will be spread 
slightly to accommodate the vapor bulb (A) after it is constructed, 

2. Thermoregulator. (Cost of materials approximately $2.50. ) 

Two sizes of soda lime glass tubing are used and enough **SS1°° glass to 
form two beads about 2 mm. in diameter. The switeh (/’) and vapor mercury 
tube (G@) have an inside diameter of 5 mm., and the adjusting tube (//) has 
an outside diameter of 4 mm. The **SS81°° glass is used as a sealing medium 
around the platinum switch electrodes (J), because its coefficient of expansion 
is almost exactly that of platinum, thereby avoiding cracks. The vapor bulb 
(A) is blown to approximately 2.5 em. diameter from the sealed end of the 
vapor mereury tube (@) before bending. Properly placed holes, 1 mm. in 
diameter, are blown in a previously bent section of the same sized tubing to 
form the manometer switch (F). One centimeter lengths of 20 gauge platinum 
wire (J) are sealed into these holes in beads of **SS81°" elass. The adjusting 
tube (/7) is sealed to the manometer after bending, and is fitted with a snug 
rubber washer cut from tubing to enable it to be set at any desired height within 
the vapor mereury tube (G@). The 0.01 microfarad tubular condenser (L) is 
mounted between the outside ends of the eleetrodes te facilitate wiring and 
give support to the electrodes and seals. The mereury in the switeh should just 
make thorough contact with the upper electrode, with both sides unobstructed, 
and the adjusting tube vertical. 

The vaporizing fluid in the vapor bulb is best chosen by trial and error 
for the temperature range contemplated. Satisfactory results have been obtained 
with mixtures of ethyl ether and absolute ethyl alcohol, for temperatures from 
39° C. to 45° C., and with petroleum ether from 40° C. to 60° C. The amount 
of fluid, size of air bubble, and amount of mercury are also best found by experi- 
ment. (The author used mereury 10 ¢.¢, and fluid 0.5 ¢.c.) 

The wiring should be evident from the diagram. A second heating unit 
is simply wired directly across the power lines. It has been found convenient 
to wire the manometer switch to a plug, fitting into a socket at the base of the 
heater, to facilitate removal for cleaning the bath. 

3. Container (MV). (Cost of materials, approximately $1.00.) 

The most satisfactory container was found to be an inverted glass lamp 
shade of hemispherical shape, the neck receiving a No. 11 rubber stopper, the 
rim about 30 em. in diameter. This pattern is easily obtainable for about $1.00 
and has been perfectly suited. 

The thermoregulator is so placed that the vapor bulb passes between two 
of the euard wires, slightly spread to receive it, and rests in contaet with the 
heating element. (This should be the intermittent heating element if a double 
unit is used.) The vapor mercury tube is held vertically by a simple clamp (.V 


bent from iron wire, slipping onto the rim of the container. An auxiliary ¢l:mp 
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(0) is bent in the form of a double-ended hook to steady the bulb against the 
heating element. Clamp (.V) is also bent to receive a standard, mereury immer- 
sion thermometer. 

Operation.—The apparatus is designed for use on the standard, 110 volt 
A.C. eireuit. Continuous operation requires a daily check on the water level and 
fishing out of the bath weekly. No other attention has been found necessary. 
When beginning use, the bath should be filled with water at approximately 
the desired temperature, and the adjusting tube raised so that the switeh just 
makes contact. Final adjustment is postponed until the thermoreeulator and 
bath have reached equilibrium, or about one-half hour after filling. The maxi- 


mum over-all variations in temperature have not been observed to exceed 0.2° (. 
SUMMARY 


A new design is described for an extremely inexpensive, small, easily con- 
structed, constant temperature water bath, for use in the hospital or office labora- 


tory. The theory, construction, and operation are given in detail. 


LEVINSON TEST FOR TUBERCULOUS MENINGITIS# 


PRESENTATION OF 110 CASES AND A DISCUSSION OF THE PRINCIPLE AND 
TECHNIQUE OF THE TEST 


DANIEL BuRMAN, A.M., M.D., AND Rostyn WEINTRAUB, B.A. 
New York, N. Y. 


INTRODUCTION 


[1K Levinson test for tuberculous meningitis is a very accurate diagnostic 

procedure. A study of the literature and a personal survey of several hos- 
pitals and many physicians revealed that this test is little known and used still 
less. As a result, we feel that a presentation of the results of this test on 110 
cases, a review of the results of previous investigations, and a discussion of the 
principle and technique will be of value and may serve to increase the use of 
this valuable adjunct in the diagnosis of meningitis. 


HISTORY 


I) 1917 Tashiro and Levinson! published a report on the alkaloidal and 
metallic precipitation of cerebrospinal fluid in the diagnosis of meningitis. It 
Was hot until 1919 that this test again appeared in the literature. At that time 
Levinson? ineluded it in his book on spinal fluid without discussing its prin- 
ciple. The first clinical report that we could find on this subject was the paper 
published by Gleisch* in 1932. In this paper he discusses the test and reports 
that in his cases the results were uniformly good. The same author‘ again pub- 
lished « clinical report in 1938 in which he states that 51 cases (Tables 1, HL, 
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111) were examined and tested by this method with very good results. The 1 


port showed 38 cases with a positive Levinson test and 13 cases with a negative 
result. Of the 38 cases, 23 revealed tuberculosis organisms; 6 showed tubercu- 
losis at autopsy; one tuberculous patient had tuberculosis organisms in the 
spinal fluid; and 8 did not have tuberculosis. However, of these 8, one had an 
intracranial hemorrhage with multiple lacerations; 2 had cerebral hemorrhage 
with hypertensive cardiovascular disease; one had encephalitis lethargica; 3 


were epileptics; and one had staphylococcus meningitis. All the 8 nontubercu- 


lous menineitis cases were positive, since there was either blood or serum present 


in the spinal fluid. Of the 13 negative tests all were nontuberculous, 10 had a 


meningococcic meningitis, and 3 had poliomyelitis. 


TABLE | 
Positive—3S Negative—I13 
Tuberculous a 0) 
Nontuberculous Ss 13 
TABLE I] 
Nontuberculous positives S 
Intracranial hemorrhage 3 
Encephalitis lethargica ] 
Epilepsy 3 
Staphylococcus meningitis l 


TABLE III 
Nontuberculous meningitis 13 
Meningococeic 10 


Poliomyelitis 5 


In 1939 Gleisch and R. Weintraub’ published a study of the comparative 
value of the Levinson and tryptophan tests in the diagnosis of tuberculous 
meningitis. They pointed out that the tryptophan test was markedly inferior 
to the Levinson test. Their results showed (Table IV) that in 18 cases of posi- 
tive tuberculosis all had positive Levinson tests, but only 16 had a_ positive 
tryptophan A, 12 a positive tryptophan B, and 2 were negative in both trypto- 
phan A and B tests. Furthermore, in 8 cases of nontuberculous meningitis with 
clear fluid (Table V) all had negative Levinson tests, but 8 had a_ positive 
tryptophan A and 3 had a positive tryptophan B. They also showed that in 7 
eases of bloody spinal fluid and 9 cases of purulent meningitis (Table VI) all 
had positive Levinson and tryptophan tests; and that in 14 cases without 
meningitis all had negative tryptophan and Levinson tests. 

In 1940 S. Weintraub® published a paper on the various diagnostic proce- 
dures for tuberculous meningitis. He was favorably impressed with the results 
of the Levinson test. 

TECHNIQUE 

Into each of two small test tubes of uniform width, about 0.3 em. in diam- 
eter, place 1 ¢.c. of spinal fluid. Add to one of the tubes 1 ¢.c¢. of 3 per cent 
sulfosalicylie acid and to the other 1 ¢.«. of 1 per cent mercuric chloride. Stop- 
per the tubes and allow them to stand for from twenty-four to forty-eight lows 
at room temperature and then measure the height of the sediments. (The very 
small flat-bottomed serum vials are very useful tubes to use for this test. 
Normally, both are very small; in suppurative meningitis the sulfosalicyli¢ 
precipitate is very heavy and the mercuric chloride precipitate is very sma!|. In 
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tuberculous meningitis the opposite takes ‘place, the sulfosalievlie acid) precipi- 
tate being small and the mereuric chloride precipitate being large. In order to 
read a positive Levinson test the foregoing conditions must be fulfilled and the 
mereurie chloride precipitate must be from two to three times as great as the 
sulfosalicvlic precipitate; that is, when measuring the height of the precipitate 
in the two tubes, diameters of which are the same, the height of the mercuric 
chloride precipitate must be two to three times as large as that of the sulfo- 
salicylic acid. It is to be remembered that this test is only to be performed on 
clear spinal fluid. 
TABLE IV 


COMPARATIVE VALUE OF THE LEVINSON AND TRYPTOPHAN TESTS IN IS CASES OF PROVED 
TUBERCULOUS MENINGITIS 
TRYPTOPHAN 


LEVINSON TRYPTOPHAN A TRYPTOPHAN B A AND B 
Positive IS 16 12 12 
Negative 0 2; if) 2 
TABLE V 


KIGHT CASES OF NONTUBERCULOUS MENINGITIS WITH CLEAR FLUID 


LEVINSON TRYPTOPHAN A TRYPTOPHAN B 
Positive () 4 E: 
Negative 8 (0) 5 


TABLE VI 
SIXTEEN CASES WITH BLOOD OR PUS IN THE SPINAL FLUID (BLOoopD 7—Puwus 9) 
LEVINSON TRYPTOPHAN 
Positive 16 16 
Negative 0) 0 


FOURTEEN CASES WITH NONMENINGITIC SPINAL FLUID 


LEVINSON rRYPTOPHAN 
Positive ) 0 
Negative 14 14 


PRINCIPLE 

The spinal fluid of tuberculous meningitis, like normal spinal fluid, has a 
pll of approximately 7.4 immediately after withdrawal, but ascends to 8.1 or 
higher on standing for from twenty-four to forty-eight hours. Spinal fluid from 
epidemie meningitis has a pH 7.2 to 7.5 but goes up only slightly on standing 
from twenty-four to forty-eight hours. The more turbid the fluid the longer it 
retains its acidity. An explanation that has been offered for this phenomenon 
is as follows: Normal spinal fluid loses H ions on standing. However, if it is 
tightly corked it does not change its pH. Thus, this phenomenon may be due to 
the loss of carbon dioxide. Tuberculous meningitie spinal fluid reacts just as 
the normal spinal fluid, only more rapidly. Epidemic meningitie spinal fluid 
chanives its pH very little and becomes more acid on being corked. This may be 
due to laetie acid formation. 

Hacteriology is helpful in making a diagnosis when the results are positive. 
However, it is not of much aid when negative results are obtained. Globulin is 
increased in all meningeal inflammations, but the amount of inerease does not 
help i determine the disease because the ranges overlap each other. 

The pH of spinal fluid changes on standing and varies between epidemic 
and tv hereulous meningitis, as discussed above. Levinson stated in 1917: “‘Tf 
the diferenee in the reaction of the different fluids is great enough, we should 
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he able to distinguish their protein in a variety of ways, even if their proten 
concentration might be the same. The eleetrieal charge of a protein depends 
on the reaction of the medium. In acid solution proteins become electro 
positive and in alkaline solution electro-negative. Thus one of the ways o 
precipitating protein is to let it combine with some radieal to form an in 
soluble salt. From the standpoint of the electrical charge of the protein, suc! 
a protein salt is necessarily either a positive protein radical forming a protein 
salt with the negatively charged ions (alkaline precipitates) such as tunestic 
acid, picric acid, ete., or negatively charged protein combining with a positively 
charged metal (metallic precipitates) such as copper, silver, mercury, zine, and 
lead. If these protein salts are sufficiently imsoluble, the precipitate will come 


down.’”’ 


TABLE VII 
ONE HUNDRED AND TEN CASES EXAMINED BY LEVINSON TES1 

Proved tuberculous meningitis 6S 

Positive tests 4 

Negative tests 2 

Equivocal tests 2 
Controls 

Meningismus 

Nontubereulous meningitis 

Nonmeningitic 

‘) 


Discarded cases 
Red blood cells 6 
Quantity insufficient 2 
TABLE VIII 
SIXTY-EIGHT CASES OF PROVED TUBERCULOUS MENINGITIS 


Diagnosed by finding the organism in the spinal fluid or on autopsy 11 


Diagnosed by clinical, x-ray, and other laboratory tests 27 
Deceased 6S 
Cataphoresis experiments proved that the protein in epidemic meningitis 
moves toward the cathode, showing the presence of positively charged protein 
ions, Whereas in tuberculous meningitis the protein ions went to the anode. 
proving a greater number of negatively charged protein ions in this condition. 
In nonmeningitie fluids there is very little precipitation in cataphoresis. Thus 
the pH variation is enough to produce electrical charges in the protein. There- 
fore, it should be possible to choose proper precipitants to distinguish the vari- 
ous forms of meningitis; that is, there should be more precipitate with a 
metallic precipitant than with an alkaloid precipitant in tuberculous meningitis. 
and the reverse in epidemic meningitis. Experimental work subsequently 
proved this to be true. 

Normal fluid is only slightly turbid when sulfosalicylic acid is added and 
remains clear with mercuric chloride. This condition obtains only immediately 
after the addition of these reagents. However, on standing both form precip! 
tates. In tuberculous meningitis the addition of sulfosalicylie acid causes the 
fluid to become turbid immediately whereas with the addition of mercuric 
chloride the fluid remains clear. In twenty-four hours sediments are found in 
both tubes, but the precipitate due to the mercury is two to three times as much 
as that due to the sulfosalicylic acid. In epidemic meningitis the sulfosalicyli¢ 
acid precipitates the protein quickly and the mercuric chloride precipitates the 
protein slowly. In this case twenty-four hours after the addition of the pre- 
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cipitants the sulfosalievlic acid sediment is two to three times as great as that of 
the mereuri¢c chloride. It cannot be overemphasized that the principal feature 
in this test is the ratio and not the total amount of precipitate which is found, 
and this is directly dependent upon the pH of the protein. 
































CASE STUDIES 


The spinal fluids of 110 cases were examined. Nine of these had to be dis- 
carded for the following reasons: Six had red blood cells and three had insut- 
ficient fluid for a Levinson test after the other tests had been performed. As a 
result we have only 101 cases on which tabulations can be based. There were 63 
cases of tuberculous meningitis and 33 controls. These 33 cases were diagnosed 
as Meningismus, nontuberculous meningitis, or cases in which no meningeal signs 
Were present. Sixty-four of the 68 cases were positive while 2 were negative and 
2 gave equivocal results when tested by the Levinson method; that is, 2 could 
have been read either way—positive or negative. We are considering these as 
negative results. Thus we have 4 negative results. Of the 33 controls all gave 
negative results in this test. 

orty-one of the 68 cases, or 60.3 per cent, were proved to be tuberculous 


meniigitis by one or more of the following methods: finding the organism in 


the spinal fluid or autopsy. The other 27, or 29.7 per cent, were diagnosed as 
tuberculous meningitis on the basis of clinical, x-ray, and other laboratory find- 
ings plus the fact that they all died. Thus 64/68, or 94 per cent, gave positive 
Levinson tests, and 4/68, or 6 per cent, gave negative Levinson tests. Further- 


more all the controls, that is, 33 


33, or 100 per cent, gave negative Levinson 
tests Or, 


to express it in another way, 97/101, or 96 per cent, gave accurate 
results by the Levinson method. 


we now combine our results with those reported above, taken from the 


litera ure, there is a total of 217 cases. Of these, 116 were proved to be tubercy- 
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lous meningitis and gave 112 positive results and only 4 negatives. One hundred 
and three were nontuberculous and gave the following results: 
Positive Levinson tests 30 
All had either red blood cells or Pus in the spinal fluid 
Negative Levinson tests 70 
These were made up of normals and cases of poliomyelitis, meningismus, 
nontuberculous meningitis, and 2 equivocal cases. 
Quantity Insufficient for a Levinson test 5 
After all the routine tests were performed, there was not sufficient spinal 


fluid left for the performance of the Levinson test. 
COMMENT 


We have presented 217 cases which were studied for the determination of 
the accuracy of the Levinson test. Of these, 110 were our own and 107 were 
from the literature. Our results revealed that this test is $4 per cent accurate, 
Whereas the total of our cases plus those of the other investigators (who found 
100 per cent accurate results) brings the percentage of accuracy up to 97. As 
this compares favorably with any other diagnostic laboratory procedure, and as 
the number of cases studied is not too small, we feel that this simple laboratory 
test should be used more often in the diagnosis of meningitis. 

It should be evident from this paper that the test is of value only in cases 
of meningitis where the spinal fluid is clear and where no serum has been ad- 
ministered, since pus, red blood cells, and serum render the spinal fluid more 


alkaline and result in a false positive. 
SUMMARY 


1. The history and a summary of the literature on the Levinson test are 
presented. 

2. A description of the technique and the principle on which the test is 
based are given. 

3. A total of 110 new cases and 107 cases in the literature on which the 
Levinson test was performed, together with a breakdown of the results to deter- 
mine the accuracy of the test, is presented. 

$4. Tables showing the test from 94 to 97 per cent accurate in diagnosing 
tuberculous meningitis are included. 

5. A bibliography of all the available literature on this subject is presented. 
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CHEMICAL 


THE DETERMINATION OF TOTAL CHOLESTEROL AND 
CHOLESTEROL ESTERS IN BLOOD* 


S. L. Letporr, New York, N. Y. 


a . for the quantitative determination of cholesterol esters in blood 
have been devised by Bloor and Knudsen,’ Sperry,’ Kelsey,’ and others. In 
all these methods the free cholesterol is separated from the esters by precipitation 
with digitonin. For the quantitative estimation of both free and combined 
cholesterol, practically all methods utilize the Liebermann-Burehard color 
reaction. 

Various procedures are used for extracting the cholesterol from blood. 
Bloor? extracts it from wet blood with a mixture of alcohol and ether. Myers 
and Wardell’? dry blood with plaster of Paris and extract with chloroform. T° 
dry the blood on fat-free filter paper and extracts with chloroform. 

Because of the difficulties inherent in these methods, requiring a great 
deal of time and painstaking manipulation, a study was undertaken to determine 
the conditions best suited to produce the quickest and most accurate results. 
This study culminated in the development of an extremely simple and accurate 
method for the determination of total cholesterol and cholesterol ester content 
in blood. 

PRINCIPLE OF METHOD 


Oxalated blood is mixed well with anhydrous sodium sulfate and extracted 
with chloroform for twenty minutes in a graduated test tube attached to an 
air-cooled condenser. The chloroform extract is filtered and two aliquot portions 
are removed. One portion is treated directly with acetic anhydride and sulfuric 
acid for the total cholesterol content. The second portion is used for the de- 
termination of esters as follows: The chloroform is removed by evaporation and 
substituted by petroleum ether from which the free cholesterol is removed with 
digitonin. The petroleum ether is evaporated, the esters are taken up in chloro- 
form, and the color is developed with acetie anhydride and sulfuric acid. Both 
fractions are determined colorimetrically against a standard containing a known 
amount of cholesterol. 

Preparation of Reagents.—It is important that the reagents used in the test 
be of the highest purity; this applies particularly to the chloroform and acetic 
anivdride. The following methods for the purification of these reagents have 
proved very satisfactory. 

Purification of Chloroform.—Into a 2,000 ¢.c. separatory funnel introduce 
1,000 ¢e. of chloroform and 100 ¢.c. of concentrated sulfuric acid. Shake at 
intervals during twenty-four hours. Remove the sulfurie acid and wash the 
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chloroform with a slow stream of running water passing through a glass tube 
reaching to the bottom of the separatory funnel until neutral to litmus. Trans 
fer the chloroform to a distilling flask and add 50 Gm. of anhydrous caleium 
chloride. Shake at intervals during twenty-four hours and distil, discarding 
the first and last 50 ¢.¢. of chloroform. Transfer the distilled chloroform to 
an amber bottle and add 0.7 ¢.¢. of absolute aleohol per 100 ¢.e. of ehloroform 
and a few grams of anhydrous caleium chloride. The alcohol acts as a pre 
servative. Keep the bottle tightly stoppered. 

Purification of Acetic Anhydride. Heat 500 @.c. of acetie anhydride wit! 
50 Gm. of calcium oxide in a distilling flask under a reflux condenser for three 
hours. Allow to stand overnight and distil slowly. Keep in brown bottle with 
tightly fitting glass stopper. 

Preparation of Digitonin Reagent——In a small flask place 1 Gm. ot! 
digitonin, 10 ¢.e. of methyl aleohol, and 10 ©. of distilled water. Place thi 
flask in a beaker containing water heated to about 60° C. and rotate the flask 
until the digitonin is completely dissolved. 

On standing the digitonin separates out of solution. It is, therefore, neces 
sary to redissolve it by placing in hot water before use. It redissolves very 
readily. 

Preparation of Cholesterol Standard.—Prepare a stock solution by dissol\ 
ing 0.160 Gm. of pure cholesterol in 100 ¢.c. of chloroform. A working standard 
is prepared by diluting 5 ec. of the stock standard with 95 ¢.e. of chloroform. 
Five cubic centimeters of the working standard contain 0.4 mg. of cholesterol. 
The standards are kept in the refrigerator in amber bottles. 

Extraction Apparatus (Fig. 1)—-The apparatus consists of a graduated 
glass tube 20 by 150 mm. The graduation marks start at zero about 40 mm. from 
the bottom of the tube and continue upward to a mark of 60. These graduation 
marks do not represent specific volumes but are used to indicate the chloroform 
level in the tube. The inside mouth of the tube is ground to fit a coiled glass 
air-cooled condenser. The whole length of the condenser is 260 mm. and the 
coiled portion consisting of six coils is 100 mm. long and 10 mm. wide. This con 
denser is a modification of the one suggested by Breh.* 


The e@lass rod is 220 mm. lone and 5 mm. in diameter. 
PROCEDURE 


Determination of Tetal Cholesterol—When a determination of the total 
cholesterol only is required, the followine procedure is to be followed: 


“~ 


Place 0.5 ¢.c. of oxalated blood into the extraction tube and add appro 


imately 2 Gm. of anhvdrous sodium sulfate and exactly 10 ¢.¢. of chlorofor 


Mix with a glass rod to a homogeneous mixture by pressing and rubbing 
rod against the walls «! the tube. Hold up the extraction tube in a perfectly 


vertical position level wi!) sour eve, and without removing the rod, read 


oraduation mark at the meniscus of the chloroform. Attach the condenser t: 
the tube without removing tiie rod, and heat gently over a microburner or at 
electric heater for ten minutes. Allow to cool for a few minutes, detach the con- 


denser, and stir up the powder thoroughly with the rod. Attaeh the conde 
and heat for ten more minutes to complete the extraction. Allow to cool to room 
temperature and add chloroform to the original graduation mark. Mix well with 
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the rod and filter through a very small piece of absorbent cotton packed some- 
what tightly in the stem of a small glass funnel. Keep the funnel covered with 
a wateh glass to prevent evaporation. 
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inster 5 «ec. of the chloroform extract to a test tube. In another test tube 
place > ¢.e, of the working standard (equal to 0.4 mg. cholesterol). Place the 


Y 


standi»d and the unknown in a beaker of water kept between 20° and 25° C. 
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Add to each tube 2 ¢.¢. of acetic anhydride and 0.1 ¢.c¢. of concentrated sulfuric 
acid. Cover the tubes with clean dry corks, mix contents, and set aside in a dark 
place for twenty minutes. Compare colors in the colorimeter by setting the 


standard at 15 mm. 


Calculation of Result. 


2400 ae 
: X Milligram of cholesterol per 100 ©¢.¢. of blood. 
xX = Reading of the unknown. 


Determination of Total Cholesterol and Cholesterol Esters.—Place 1.5 ¢.¢, of 


oxalated blood into the extraction tube and add approximately 6 Gm. of an 


hydrous sodium sulfate and exactly 15 e.c. of chloroform. Mix well with the 


rod and note the graduation mark at the meniscus of the chloroform. Extract 


for twenty minutes and filter through absorbent cotton, following all the steps 


already deseribed under the determination of total cholesterol. 
Transfer 2.5 ¢.¢. of the chloroform to a test tube and add 2.5 ¢.e. of chloro 


form. Stopper with a clean cork and set aside for the determination of total 


cholesterol. 


Transter 7.5 ¢.e, of the chlorotorm extract into a test tube (20 ~ 150 mm. 


This is for the determination of cholesterol esters. Place this tube in a water 


hath heated to about 70° C. until all the chloroform is driven off. Cool to room 
temperature and add 9 ¢.¢. of petroleum ether (B. P. 30° to 60° C.) and 0.1 ©. 
of digitonin solution previously heated to put in solution. Cork the tube and 


shake well; the cholesterin digitonide is precipitated immediately. Allow to 


stand for a few minutes and filter through a small piece of cotton tightly packed 
in the stem of a small funnel. In this case the cotton has to be packed very 
tightly so that no particles of digitonide can pass through. 

Remove 6 ¢.c, of the petroleum ether filtrate into a similar large test tube 
and place in the water bath at about 60° C. until all the petroleum ether is com- 
pletely evaporated. Allow the tube to cool to room temperature and add 5 .c. 
of chloroform. This contains the cholesterol esters only. 

Into a third tube place 5 ¢.e. of the cholesterol working standard. 

Place the two unknowns and the standard in a beaker of cold water at a 
temperature between 20° and 25° C., and to each tube add 2 ©. of acetic an- 
hydride and 0.1 ¢.¢. of concentrated sulfuric acid. Mix the contents and put the 
beaker in a dark place for twenty minutes and compare in the colorimeter with 
the standard set at 15 mm. 

Calculation of Results. 

Total Cholesterol: 2,400 divided by reading of unknown 

= milligrams per 100 ¢.¢. of blood. 

Cholesterol Esters: 1,200 divided by reading of unknown 

= milligrams per 100 ¢.c. of blood. 

Precautions.—The color developed by the action of acetic anhydride and 
sulfuric acid on cholesterol changes rapidly on removal from the water bath 
and on exposure to light. Sinee this change is at a different rate in the standard 
and in the blood extracts, it is important that the colorimetric matchings be n 
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as rapidly as possible after removal from the dark. It should not exceed three 
minutes. When a large number of cholesterol determinations are to be per- 
formed simultaneously, it is advisable to set up a number of standards and use 
a new standard every three minutes. Each standard is removed from the beaker 
simultaneously with the unknowns to be read. As this reaction is also seriously 
affected by water, it is important that all glassware used in this test be per- 
feetly dry. 


DISCUSSION 


A number of experiments were conducted to check the accuracy of the 
method. The first step was to determine whether this method of extraction re- 
moves all the cholesterol from the blood. A series of extraction tubes were set 
up with 0.5 ¢.e. of blood in each. Cholesterol in increasing amounts were added 
to each successive tube. As is shown in Table I, the added cholesterol was eom- 
pletely recovered within experimental error. 

TABLE I 
RECOVERY OF ADDED CHOLESTEROL FROM BLoop 


ORIGINAL | | } CALCULATED 











| o Are 
CHOLESTEROL | ADDED | CHOLESTEROL | AMOUNT OF ee Baa 
PUBE CONTENT IN 0.5} CHOLESTEROL | IN EACH TUBE | CHOLESTEROL | CHOLESTEROL 
| ¢.c, OF BLOOD | (MG. ) (MG. ) | ix 100 ¢.c. OF RE . ERED 
(MG.) | BLOOD (MG.) as 
| 0.88 | None 0.88 176 176 
9 0.88 0.4 28 256 249 
! 0.88 Q.S 1.68 336 300 
} 0.88 1.2 2.08 416 422 
| 5 0.88 | 1.6 2.48 1965 487 
6 0.88 2.0 2 S88 576 565 
In another experiment cholesterol equivalent to 1,200 me. per 100 ¢.¢. of 
blood was dissolved in petroleum ether and precipitated with digitonin. The 
petroleum ether filtrate was evaporated and replaced by chloroform. Treatment 
with acetic anhydride and sulfurie acid failed to develop any trace of color, 
thus showing that the digitonin solution as used in this method completely 
precipitates free cholesterol. 
RECOVERY OF CHOLESTEROL ESTERS 

, 

In this experiment cholesterol esters in increasing amounts were added to 
blood. The cholesterol esters were extracted from 100 ¢.¢. of pooled blood mixed 
ina large flask with anhydrous sodium sulfate and extracted with chloroform. 

TABLE II 
RECOVERY OF ADDED CHOLESTEROL ESTERS FROM BLoop 
jaa os me a ae ~ | CALCULATED | CHOLESTEROL 
| ers ane age —_— — | AMOUNT OF | ESTERS RECOY- 
CONTENT IN 1. ‘D> ESTERS | TOTAL ESTERS 
TE Renato Maa “i — | _ at ESTERS PER 100] ERED PER 100 
| C.C. OF —— (MG. ) | (MG. ) | c.C. OF BLOOD | C.c, OF BLOOD 

1 : (MG. ) } (MG. ) | (MG. ) 

h 0.93 None | 0.93 62 | 61 

0.95 0.5 1.43 95 94 

(d | 0.93 1.0 | 1.93 | 129 | 131 

le 0.93 3.0 3.93 | 262 256 

0.93 5.0 | 5.93 | 395 | 388 
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The free cholesterol was completely removed with digitonin, and the cholesterol] 
esters were dissolved in chloroform. Fifty-seven milligrams of cholesterol esters 
were obtained, as shown by a quantitative estimation. Varying amounts of these 
cholesterol esters added to samples of blood were completely recovered, This 
is Shown in Table II. 

More than four hundred determinations were performed by this method 
on blood coming to the laboratory for routine chemical examination. The aver 
age figure for total cholesterol in normal blood was about 180 me., and the aver 
age ester content about 65 mg. per 100 ¢.¢. of whole blood. 


SUMMARY 


A simple and accurate method for the determination of total cholestero| 
and cholesterol esters in blood is deseribed. The blood is mixed with anhydrous 
sodium sulfate and extracted with chloroform. One aliquot portion of this ex 
tract is used for the determination of cholesterol esters after removing the free 
cholesterol with digitonin. The extracts are treated with acetic anhydride and 
sulfurie acid and compared colorimetrically with a standard cholesterol solution 
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MICROCTHEMICAL DETERMINATION OF YELLOW PHOSPHORUS* 


LIEvT. SIDNEY Kaye,ft U. S. Army 


HOSVPHORUS is one of the more commonly known clemenis. It is, there- 

fore, fitting and important that accurate, specific, and sensitive methods for 
its detection and determination should be available. The literature describes 
several satisfactory procedures based on gravimetric, volumetric, and colorimetric¢ 
analyses. A new method for the confirmation and quantitative determination is 
herein deseribed, using a spot test color reaction which is confined to a standard 
area the color intensity of which is proportional to the concentration of phos- 
phorus present. This new method is not only specific and sensitive but also very 
simple. Its principle is based upon the formation of phosphine whieh in turn 
easily reduces a mercuri¢ bromide test paper, vielding a canary yellow color. 

Phosphorus may exist in several forms; the best known of these are vellow 
and red. Red phosphorus is considered by most authorities as nontoxic, whereas 
yellow phosphorus is very toxie and 0.1 Gm. has been recorded to be fatal. The 
method outlined here is applicable to vellow phosphorus only and is satisfactory, 
since our interest is primarily from a toxicologie viewpoint. Yellow phosphorus 
is used commonly in rat poison pastes and acute poisoning is usually accidental, 
but suieides and homicides have been recorded wherein phosphorus had been 
used. 

Phosphorus may remain in the system for several days, but the greater the 
delay in obtaining the specimen, the less is the possibility of detecting it. The 
procedure of isolating it for analysis depends upon its volatility. Stomach con- 
tents are best suited for analysis. 

A brief summary of the toxicology of phosphorus is included in this paper 
for completeness. 

Symptoms.—Progressive pain and burning along the gastrointestinal tract, 
with belehing, choking, vomiting, and diarrhea are present. The following ad- 
ditional symptoms are frequently noted: garlic odor on the breath, jaundice 
of the skin, bleeding from the nose and intestines, muscular paralysis and im- 
pairment of the special senses. Terminally, stupor, delirium, and coma occur. 
Death oceurs usually within two to six days. 

Treatment.—Wash the stomach with 1 per cent potassium permanganate 
and large amounts of suspended charcoal. If done quickly, this may be effective. 

Post-Mortem Pathology—tThere is corrosion of the mucous membrane of the 
gasirointestinal tract, with fatty degeneration and acute yellow atrophy of the 
_, “From the Puerto Rican Department Laboratory, San Juan, Puerto Rico, Lieutenant 
Colonel V. H. Cornell, M.C., commanding. 
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liver. The stomach contents, as a rule, have the odor of garlic, and if viewed in 
the dark, give off a greenish phosphorescent light. 

Chemical Analysis.—The following qualitative tests have been used to 
identify phosphorus positively : 

1. Odor: The garliclike odor may be recognized on opening the stomach. 

2. Scherer’s test: A portion of the finely divided material is placed in an 
Erlenmeyer flask and suspended in distilled water. Two strips of filter paper 
are suspended over the suspected sample, one impregnated with silver nitrate 
and the other with lead acetate. The contents are heated at about 50° C. on a 
water bath for approximately an hour. If the silver nitrate paper turns black, 
either phosphorus or hydrogen sulfide may be present. If both papers turn 
black, hydrogen sulfide is present and phosphorus may also be present. The 
fact that the silver nitrate paper turns black is not conclusive proof of the pres 
ence of phosphorus, since any volatile reducing agent, such as formaldehyde, may 
also give the same reaction. Therefore, this test is more important in indicating 
the absence of phosphorus rather than its presence. 


CATCH DISTILLATE IN 
SILVER NITRATE SOLUTION 


NS . 7 


CRACKED ICE 


A NEW QUANTITATIVE TEST FOR PHOSPHORUS 


A weighed aliquot of the sample is transferred to a steam distillation ap- 
paratus with about 100 ml. of water and an ice-cooled receiver is used to collect 
the distillate, as illustrated in Fig. 1. The light from the Bunsen burner is 
shielded by a sheet of asbestos to prevent any interference in the visual detection 
of the phosphorescence emitted. The distillation is performed in the dark, and 
the distillate is collected in a small volume of 0.5 N silver nitrate, which is eooled 
in a 125 ml. Erlenmeyer flask immersed in an ice bath. Greenish phosphorescence* 
may be seen as the phosphorus vapors reach the condenser. As little as 60) 
gammat in 200 Gm. of material give a good phosphorescence. However, in t!e 
presence of alcohol, ether, benzene, turpentine, phenols, chloroform, essential 
oils, oxidizing agents, mercury, copper, and silver there may be a marked 


*Mitscherlich’s phosphorescence test. 
+One gamma 0.000001 Gm. or 0.001 me. 
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diminution or complete absence of the phosphorescence. The distillation is con- 
tinued until about 75 ml. are collected. As the first traces of phosphorus come 
over into the silver nitrate solution, a black precipitate of silver phosphide forms. 
After about 75 ml. have been collected, it will be noticed that on continued 
distillation no further precipitate forms. Silver phosphide is a heavy precipitate 
and settles rapidly. The supernatant liquid is siphoned off without disturbing the 
precipitate, leaving a small amount of liquid behind. The precipitate is then 
washed in the flask with several portions of distilled water to remove the last traces 
R 
' 
1 
| MERCURIC BROMIDE 
Eae“SENSITIZED PAPER 


| 
if 





COTTON IMPREGNATED 
WITH LEAD ACETATE 


SILVER PHOSPHIDE 
A COPPER SULPHATE 
py) SULFURIC ACID 
ZING 


Fig. 2. 














END VIEW OBLIQUE VIEW 
(SINGLE UNIT) (SINGLE UNIT) 


ol any adhering silver nitrate. The supernatant fluid is again siphoned off. Two 
Washings usually suftice. The washings are tested for silver ions by a chloride solu- 
tion, If the precipitate is scant in the receiving vessel, make up volume to 50 ml. 
With water. Ifthe precipitate is heavy, dilute toa larger known volume with water. 


S- 


irl the solution well so as to divide evenly the precipitate, withdraw a recorded 
Sued aliquot portion, and add it to a previously prepared modified Gutzeit ap- 
Paratus (Fig. 2). This is essentially a 125 ml. Erlenmeyer flask containing 
soiie arsenie-free zine, several drops of 5 per cent copper sulfate solution to 
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activate the process, and 25 to 40 ml. of 20 per cent sulfurie acid. The amount 
of sulfuric acid used should be sufficient to dissolve the precipitate in the aliquot 
added ; excess does not interfere, The stopper in the flask supports a small eal- 
cium chloride drying tube into whieh is plugged some cotton impregnated with 
lead acetate. Above this tube is attached a set of flanges*® between whieh is 
placed a disk of mercuric bromidet+ sensitized filter paper, On contact of the 
silver phosphide with the hydrogen generating solution, phosphine is liberated. 
The generating flask is kept warm on a water bath at about 50° (, Phosphine 
travels upward and is purified from hydrogen sulfide by passage through the 
lead acetate cotton. On reaching the flanges when it contacts the moistened 
mereurie bromide paper, a vellow color results which is directly proportional to 
the phosphine produced. Since the bores of the several flanges are uniform, com- 
parisons can be made with phosphorus standards prepared in a similar manner. 
This color reaction is sensitive to less than 10 eamma of phosphorus. To be cer 
tain that the zine and other reagents are arsenic and phosphorus free before 
adding the silver phosphide, hydrogen is liberated for some time and then the 
filter disk is examined. If this proves negative, the silver phosphide is then 
added and the flanges are put in place. The generator is allowed to run for about 
half an hour. The vellow color standards, when once prepared, are fairly stable 
and ean be kept for several months if dry. 

Other Uses for the Microchemical Flange.—The flanges deseribed promise to 
be of great value for quantitative determinations in both gas and solution 
analyses where the intensity of a color reaction, Which is proportionate to known 
amounts of the substance concerned, can be recorded, 

Their use is beine studied for the determination of sulfides, evanides, 
alcohol, phenol, and other volatiles. For substances in solution which give 
brilliant graded colors with a detector, the flanges also have proved suecesstul 
A rapid method for the detection of lead in urine has been perfected and will he 
published later. The flange device was used in the Chemical Laboratory at 
sellevue Hospital, New York City, while secking more accurate and sensitiv: 
methods for the determination of arsenic. A paper on the subject is in progress 
and will be published from Bellevue Hospital. 

Its broader application has been successfully demonstrated in the past tev 


months at the Puerto Rican Department Laboratory. 


SUMMARY 


A brief review of the toxicology of phosphorus poisoning is given 

A new specific method for the quantitative microdetermination of phos 
phorus is deseribed. 

The principle involved depends upon trapping the phosphorus as_ silv: 
phosphide, generating the, phosphine by hydrogenation, and measuring the pli 
phine generated on a mereurie bromide filter disk. The color developed is 

*The flanges may be purchased cheaply from Eek & Krebbs or Kk. Machlett & Sons, b 
of New York City. 

tMercuric bromide sensitized paper is prepared by cutting round disks of Whatman No 
filter paper which are impregnated with 5 per cent mercuric bromide in 95 per cent alcol 


for about five minutes. After shaking the droplets off, a disk is fastened between the flan: 
with a rubber band. 
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measure of the amount of phosphorus present and is determined by comparison 
with standards similarly prepared. 

The microchemical flanges are a new device which may be used in a similar 
manner for other determinations, some of which have been mentioned. 
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QUALITATIVE STUDIES OF THE BILIRUBIN IN BODY FLUIDS* 


I]. A CoMPARISON OF THE Direer Diazo Reaction BY THE PHOTOELECTRIC 
COLORIMETER, THE THree Test Tuspe Meriop, AND THE OXIDATION 
Test IN XNANTHOCHROMIC SPINAL FLUID 


GEORG LEPEHNE, M.D., Boston, Mass. 


N A PRECEDING paper! qualitative studies of the bilirubin in blood serum 

hy comparison of the direct diazo reaction using the photoelectric colorimeter, 
the three test tube method, and a new qualitative oxidation test for differentia- 
tion of the various tvpes ot jaundice were reported. In this paper similar stud- 
ies concerning the bilirubin of xanthochromie spinal fluid will be presented. 


METILOD 


The xanthochromie spinal fluid was examined by the methods deseribed in 
the preceding paper: the direct diazo three test tube method with use of eaffeine- 
sodium salievlate,? the direet diazo photoelectric colorimeter method of Malloy 
and Evelyn,* and the qualitative oxidation test tube method! using a reagent 
consisting of nitrie acid and sodium nitrite. 

RESULTS 

In 8 specimens of xanthochromie spinal fluid (hemorrhages, tumor, operation 
of the brain) the direct diazo photoelectric examination and the three test tube 
exainination were done. In addition 7 specimens were examined by the three 
test tube method alone. In all 8 specimens the photoelectrie direct diazo curves 
showed a definitely delayed, very slow ascending type of curve. On two speci- 
mens with the total bilirubin content of 2.28 me. per 100 ¢.¢. and 3.79 mg. per 
100 ¢.¢., respectively, in which the three test tube method revealed a biphasie- 
delayed direct diazo reaction, curves of delayed type were obtained too (see 
Fig 1). These curves are very similar to those found in sera with delayed direet 
diaz reaction (hemolytic jaundice, jaundice of the newborn, ete.).1. They are in 
clear contrast to the prompt direet curves obtained in serum of obstructive or 
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catarrhal jaundice. The indirect diazo reaction following the addition of methyl! 
alcohol gave the usual steeply ascending curves (see Fig. 1). In order to express 
the significance of the direct curves in ratios the one-minute and the thirty-minute 
readings ot the direct curves were compared with each other and with the one- 
minute and with the thirty-minute values of the indirect curves, as in the first 
paper (see Table 1). On the average, the direct curve reached in one minute 
was 15.4 per cent, in thirty minutes, 36.2 per cent only of the total bilirubin 





content. The corresponding ratios in sera with delayed direct diazo reaction 
reported in the preceding paper were very similar, while the ratios in the prompt 
reacting sera of obstructive and catarrhal jaundice were entirely different. 


TABLE I 


COMPARISON OF QUALITATIVE AND QUANTITATIVE REACTIONS 
XANTHOCHROMIC SPINAL FLUID 


eee : 1 MIN. l MIN. 1 MIN. 30 MIN. 
TOTAL TOTAL : al 2 
Eee DIRECT DIRECT DIRECT 30 MIN. 
PROTEIN BILIRUBIN = m qe 
NO. 30 MIN. 1 MIN. 30 MIN. DIREC 
(MG. PER (MG. PER ; em : Me 
INDIREC1 INDIREC'’ DIRECT INDIREC! 
100° c.c.) 100 c.e.) : ; : ; 
(%) (%) (%) (% 
l 168 0.4 20.5 227 55.4 37.0 
2 219 0.6 ves 20.5 13.9 40.9 
2 570 0.8 i235 18.2 39.5 31.3 
} 116 0.4 by 14.6 37.4 aod 
a) 192 0.6 A fae | 35.5 54.0 50.1 
6 ~OH4 1.0 18.7 9Q 5 26.0 18.0 
7 1,500 es § 10.1 19.3 30.7 32.9 
Ss 710 3.8 4.3 6.1 26.9 16.7 
Average ..~—«s |~—~—:COSY 20.3 39.2 36.2 


The three test tube direct diazo reaction was carried out in 15 specimens of 
xanthochromie spinal fluid, and in 13 specimens the reaction was definitely de- 
laved. The first sight redness developed in 10 cases within an average time of 
five and one-half minutes. In 5 eases the red color had not developed within 
one hour. The change to purple color, described in the first communication, 
was not seen. The longest period of observation was two and one-half hours. The 
two specimens with the high bilirubin level (Table I, Nos. 7 and 8) showed hy 
this method, in contrast to the delayed photoelectric curves, a biphasie-delayed 
direct diazo reaction. Immediately after addition of the diazo reagent a trace 
of redness developed, but the red color increased very slowly. The comparison 
ot the three test tube method with the photoelectrie method shows that the 
photoelectric readings are higher than one should expect according to the very 


slow development of the red color in the test tube method. This faet seems to o 
depend on the greater accuracy of the photoelectric method to detect the color. 0: 

Vaughan and Hubbard‘ claim that every xanthochromie spinal fluid gives i 
a ‘“‘prompt’’ direct diazo reaction when the bilirubin content exceeds 0.3 mg. 01 
per 100 ¢.c. But one must consider that their expression ‘‘prompt’’ direct li 
diazo reaction includes also biphasie-prompt and biphasic-delayed direct re- D 
actions! according to the usual nomenclature, so that their results are confusing. al 
In our specimens a really prompt direct diazo reaction was not observed by our Ja 
methods in spite of the fact that the bilirubin content was higher than 0.3 1g. di 
per 100 ec. (Table I). These authors also believe that the type of the direct di 





diazo reaction in xanthochromie liquor with a bilirubin content below 0.3 
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per 100 ¢.c. depends upon the total protein content. In our cases with higher 
bilirubin values the total protein content ranged from 49 mg, to 3,720 mg. per 
100 ¢.e. and did not influence the type of the reaction. 

The oxidation test was made in 14 specimens of xanthochromie spinal fluid. 
In 12 cases the test was ‘‘negative’’ (a straw color developed or the color did not 
change at all). In the two specimens with higher bilirubin content, which gave a 
biphasic-delaved direct diazo reaction, the oxidation test was ‘‘diminished-de- 
laved’” (a slight vellowish-green color appeared twenty to thirty seconds after 
addition of the reagent). In order to control the oxidation test a drop of serum 
of obstructive jaundice was added to a specimen of colorless liquor. A real green 
color developed immediately (‘‘prompt’’ oxidation test). 
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Fig. 1.—‘‘Delayed direct diazo reaction” in a case of xanthochromic spinal fluid. 


DISCUSSION 


These examinations reveal that the bilirubin in xanthochromic spinal fluid 
gives the same qualitative reactions as the bilirubin in sera of hemolytie jaundice, 
ot jaundice of the newborn, and of the nonhemolytie familial jaundice. These 
results support the theory that bilirubin giving such reactions is of anhepatic 
origin. Bilirubin in the blood of this type apparently did not pass the exereting 
liver cells. The liver cells change the direct diazo reaction from delayed to 
prouipt (van den Bergh,’ Aschoff,6 MeNee,’ Lepehne,’ Eppinger,? and other 
authors). The deseribed examinations also reveal, as did the examinations on 
jaundiced serum,' that even in xanthochromie spinal fluid a really ‘‘negative’’ 
dire-t diazo reaction does not exist, when observation time is long enough. The 
dire! diazo reaction can be, generally speaking, either prompt, biphasic, or 
dela: ed, but not negative. 
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SUMMARY 


The bilirubin of xanthochromie spinal fluid was examined by the direct 
diazo three test tube method, by the direct diazo photoelectric method, and by 


the oxidation test. The direet diazo reaction was delayed or biphasie-delayed, 


and the oxidation test negative or diminished-delaved. The total protein con 
tent did not influence the type of the reaction. This bilirubin is of the sam« 
type as that in the blood serum in hemolytie jaundice and jaundice of the new 
born. 
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A SIMPLE METHOD FOR DETERMINING PLASMA DENSITY AND 
PLASMA PROTEIN CONCENTRATION® 


Eric Ponper. M.D., D.Sc., Mixrtoua, lL. I. 


” THE course of an investigation on water balance and plasma protein con 
centration | have had occasion to make large numbers of plasma protein de 
terminations by a modification of the Linderstrom-Lang method for measuring 
density, which is so convenient and accurate that it is worth while drawing at 
tention to it. 

The only apparatus required is a glass evlinder of 100 to 200 ml. eapacit 
eraduated in milliliters. At least every 10 ml. graduation mark should run al! 
around the evlinder, so as to enable one to avoid parallax in making readings. 
The evlinder is placed at eye level on a well-lit shelf shielded from drafts. in 
a room in which rapid changes of temperature do not oceur. It is half-filled 


with a brombenzene-kerosene mixture of density 1.0485, made by mixing 39 
ml. of brombenzene and 65 ml. of kerosene (density of brombenzene = 1.417; 
density of kerosene = 0.807). On top of this is layered about 50 ml. of a lighter 


mixture of density 1.0210, made up of 31 ml. of brombenzene and 69 m1. of 
kerosene. A rod, with a ring which just fits inside the cylinder at right anvles 
to it, is moved gently up and down about a dozen times in the region of the 
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interface between the heavier and the lighter fluids, and in this way a remark- 
ably even gradient of density is produced, usually between the 20 ml. and the 
the 80 ml. marks on the graduation of the evlinder. 

A series of standards are prepared from the commercially supplied potas- 
sium sulfate standard of density 1.0551’ by the addition of distilled water in 
proportions indicated in Table I. These standards are kept in dropping bottles 
with well ground-in pipettes. A drop of each standard is dropped into the fluid 
in the evlinder, through which it descends until it reaches a level with a density 
the same as its own. The drop is formed on the end of the pipette, dipping be- 
low the surface of the fluid; on withdrawing the pipette, the drop breaks off. 
Its size is not very important, but 5 to 15 ¢.mm. is a convenient size. In this 
way the variations in the density gradient in the evlinder are marked off by the 
position of the six drops of known density, which correspond to six readings on 
the scale on the eylinder. In making the readings, care must be taken to avoid 
parallax. If the densities of the drops are plotted against their position on the 
seale, a remarkably good straight line usually results, showing that the density 
gradient is linear. Even if it is not, the graph ean be used for finding the density 
of the gradient at any level. If the gradient changes, as it may on account 
of variations in temperature, ete., the positions of the standard drops change 
with it, and they always mark the six positions of their own densities. 


TABLE I 
t CORRESPONDS TO 
are WATEE 
D 1.055] MI D OF MIXTURE PROTEIN, GM. PER 
ML. 7 100 c.c. 
18.0 12.0 1.0330 8.89 
16.5 13:5 1.0303 7.96 
A) E50 1.0276 7.04 
L330 16.5 1.0249 6.11 
12.0 1S.0 1.0221 D017 
10.5 19.5 1.0195 £.23 


If a drop of plasma from heparinized blood is allowed to fall through the 
fluid in the evlinder in the same way, it will stop at a position in the density 
gradient, which corresponds to its own density. A reading of this position 
on the seale and reference to the graph for the positions of the standard drops 
will give its density immediately, and its protein content ean be found from 
the density in the usual way from tables, or from a graph prepared by plotting 
the last two columns of Table I. Since the lipoids of the drop and the brom- 
benzene and kerosene are not mutually altogether insoluble, the drop tends to 
sink slowly from the position which it first assumes, and so its position should 
be read after a standard time, e.g., one minute from the moment it is dropped 
into the eylinder. For the same reason, small drops are better than large ones, 
and» to 10 e.mm. is a convenient size. I use medicine droppers drawn out into 
capillary pipettes for forming the drops. 

When some experience has been gained, the method will be found to give 
Values for plasma protein concentration correct to 40.1 Gm. per 100 ¢.e. This is 
hot as high a precision as is claimed for the falling-drop method, but both 
methods have the weakness that what they measure is plasma density, which 
deperls on protein concentration only when the lipoid content is constant, and 
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so a precision sufficient to measure +0.0003 in the figure for density is enough for 


all clinical purposes. The method is convenient in practice, and at least 20 de- 
terminations can be made before the fluids need replacement and a new gradient 
has to be formed. Unwanted drops can be removed by touching them with a 
small piece of wet filter paper attached to the end of a capillary pipette. The 
drops adhere to the paper and can be pulled up out of the brombenzene-kerosene 


mixture. 
REFERENCE 
Linderstrém-Lang, K.: Distribution of Enzymes in Tissues and Cells, Harvey Lecture 34: 
214, 1939. 


Solutions of standard density used in the falling-drop method for determining density 
are supplied by Eimer and Amend, New York, and other scientific apparatus houses. 

















MEDICAL ILLUSTRATION 


A SIMPLE TECHNIQUE FOR TIME LAPSE CINEMICROGRAPHY* 


ApRIANUS Piper, M.D., D.Sc.. ANp LaurIE B. Poor 
PRETORIA, SoutTH AFRICA 


PURPOSE OF THE METHOD 


EW methods lead to new findings. Cinematography in many laboratories 

is still a novelty. Photographing the subject through a microscope at ordi- 
nary speed may show nothing beyond what the eve has noticed already, although 
even here the film often records something that has escaped detection by the eye 
alone. Slow motion cinemicrography analyzes movements too rapid to be ob- 
served by the human eye. In time lapse cinematography and cinemicrography 
we have methods that make visible what no human eve has the patience or the 
facility to observe. 

Time lapse cinematography is the process of taking pictures at a slower 
rate than the one at which they are eventually projected. Movements too tedious 
or too slow to be watehed can thus be condensed into processes which are easily 
followed on the sereen. Audiences are familiar with the method as applied, for 
instance, to the unfolding of a flower. In time lapse cinemicrography the same 
method is used but the pictures are taken through a microscope. 

New methods ean only bring results in proportion to the frequency with 
which they are used. Time lapse cinemicrography so far has not been applied 
widely. The hesitation to put into regular use a method so full of possibilities 
is largely caused by technical considerations. We believe that the technical diffi- 
culties of the method are overestimated. Considerable work in this field has 
been done by Comandon. Splendid apparatus has been built by Rosenberger,’ 
Harris? and by Roger,’ but we feel that excellent results can be obtained by 
much simpler methods. In this paper we wish to show that time lapse cine- 
micrography is within the reach of most biologie laboratories. Our apparatus 
has been built by the simplest possible means and can be set up on an ordinary 
laboratory bench. 

SPEED CONTROL 


The chief part of the speed control is an ebonite disk, measuring 614 inches 
in diameter (Figs. 14 and 2A), which revolves once a minute. It is driven by 
an ordinary electrie clock motor (Fig. 2B), which is operated on 60 evele alter- 
nating electric current. There are 60 small equidistant holes drilled through 
this disk on a cirele near the periphery. Tapering steel pins can be pushed into 
these holes. As the disk rotates, these pins make electric contacts which activate 
the shutter between the lamp and microscope, and also drive the camera and a 


counter, 


"From Dr. A. Pijper’s private laboratory. 
t.eceived for publication, July 20, 1942. 
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It is obvious that the longest lapse of time available with this apparatus 
is one minute, and the shortest time is a second. In addition, one ean work at 
any number of seconds in between these two values by changing the number of 
pins on the disk. Up to the present we have found this time control ample for 


our requirements. 


vy} 7 = 
, | 


\ _ 








Fig. 1.—Side view of the apparatus. 


A diagram of the wiring is given in Fig, 3. The steel pins make contact 
by depressing the metal tongues as they go through the lowest point of their 


{ 


rotation, The tongues are placed on top of one another and are arranged so 
that the one that activates the shutter between the lamp and microscope keeps 
this shutter open long enough for the tongue that works the camera to expose 
the film. The counter (Figs. 1C and 2C) is added in order to cheek the number 
of exposures made but is not an essential part of the apparatus. 


SOURCE OF LIGHT 


An Ediswan Pointolite lamp of 100 C. P. is used (Figs. 1D and 2D). 
A stronger lamp would be better but is not procurable under present condit ons. 
An are lamp, of course, is too unsteady for this kind of work. The shutter be- 
tween the lamp and microscope (Figs. LE and 2E) is made of light metal aid 1s 
essential because it prevents exposure of the microbes to continuous light. It Is 
lifted by a solenoid (Figs. 1F and 2F’) and drops by its own weight. The ~!ut- 
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ter can be kept raised permanently by pushing a lever (ig. 1G) to the left. 
This is useful for making adjustments to the microscope. 


THE MICROSCOPE 


We use the large Zeiss stand FCG, as shown in Figs. 1 and 2, but any 
other heavy stand will serve. Since the dark field is the method of choice for 
this ¢lass of work, we use the Siedentopt cardioid condenser. To date we have 
worked mainly with fungal material, and a suitable combination of lenses was 
found in the Zeiss apochromat objective x60 with iris and the Zeiss compensating 
eyepiece x7. We have also used the Zeiss compensating eyepiece x10. The 
distance between eyepiece and film is about 15 ¢m. These combinations resulted 


=e 


in magnification on the film of x200 and x310, respectively. 








g 


~ ~ 


Fig. 2.—Front view of the apparatus. 
THE PREPARATION ON THE SLIDE 


or studying the growth of monilias, yeasts, and other fungi we place a 
small drop of a fairly thick suspension of spores on a microscope slide. A drop 
of melted Sabouraud agar cooled down to about 50° C. is added, and a cover 
slip is dropped on rapidly. Previous setting of the agar and moving of the cover 
slip i1ust be avoided, since these lead to the formation of channels in the agar 
filled with thin fluid in which the spores swim about instead of lying still in solid 
agar. Petroleum jelly is applied around the cover slip. The microscope is then 
adjusied and the proper field is found in the usual way. 
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THE CAMERA 


Our camera is a standard Movikon, with the lens removed and replaced 


course, any other make, or even a homemade one, will do. The one we use gives 
an additional magnification which is helpful in focusing. A suitable cap should 
he placed over the eve lens of the beam splitter (Fig. 17), otherwise, as Barnard 
has pointed out,’ extraneous light may reach the film. A lightproof connection 
between the microscope and camera is provided by a black velvet skirt (Figs. 1K 
and 2A) which fits into the sleeve around the eveplece, The NNeroscope and 
camera should not touch one another, 
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Fig. 3$.—Wiringe diagram of the apparatus. 

The camera is supported on two horizontal flat iron bars, as seen in |igs 
Land 2. It rests only on the front one and the posterior bar carries an upright 
piece of metal to which the camera is clamped by means of a clamping screw 
This serew threads into the hole at the base of the camera provided for that 
purpose. The two horizontal flat bars also merely rest on the top of the iron 
stand which surrounds the mi¢roscope, as is shown in Figs. 1 and 2.) From thes 
illustrations it is seen that the camera can slide forward and backward wii |i the 
two flat bars along the two round iron bars included purposely. This is neces 
sary for accurate centering over the microscope. Slight movements to tli sid! 
during centering are best executed by changing the position of the microscope 
Centering is done through the beam splitter, but the beam splitter itself s!ould 
be centered by looking at the picture on the film through the focusing ma nifie! 
which belongs to the camera (Fig. 21). 








by the beam splitter made by Zeiss for such purposes (Figs. 1 and 2H). Of 
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The stand around the microscope consists of four uprights, which are con- 
nected by sufficient crossbars to keep the strueture rigid and to allow access to 
the microscope. The microscope can be handled easily with the stand in place. 
It can, however, be removed and be replaced again by means of the four brass 
cups (Figs. 1M and 2) into which the conical ends of the four uprights fit 
tightly. These cups are serewed to the bench. 

The Movikon camera possesses the essential single pieture mechanism and 
is conveniently set in motion by means of a wire release (Fig. 2V). This wire 
release is activated through a solenoid (Figs. 10 and 20), which is attached to 


a wall bracket and does not touch the stand or the camera. 





Fig. 4 
Fig. 5 
Fig. 6 
Figs. 4, 5, and 6.—Frames from a film of budding Monilia cells. 


The single pieture mechanism of this camera does not allow an exposure 


longer than 4%; second. This is ample for ordinary work but is insufficient for 
cinemicrography with a light source of 100 C.P., unless the lowest magnifications 
are Use. in looking for a means to lengthen the exposure, we found that the 
Movikon camera has a shaft or rewinding spindle for making mixes. This 


shaft protrudes through the housing and makes a half revolution during each 
expostite. It was decided to slow down this shaft by attaching to it the dial 
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of an automatic telephone. The exposure was thus increased. Such a dial moves 
at a fixed speed which is controlled by a built-in governor. In Figs. 1 and 2 the 
dial is shown attached to an upright that is fixed to the posterior horizontal bar, 
to which the camera is attached in a similar manner. The dial center spindle is 
connected to the extended shaft of the camera by a universal coupling, a length 
of shafting, and a screw which is fitted onto the splined end of the coupling shaft. 
The splines and serew allow the dial to be disconnected quickly for winding the 
camera, but this cannot be done with the connection in place. By sueh an ar- 
rangement we found that the shutter action of the single picture mechanism was 
slowed down to 15 second. 

The use of the camera spring for moving the film eliminates the geared 
electric motors which are usually deemed essential for time lapse cinematography. 
Our plan prevents their vibrations. The disadvantage of this method is that 
the spring must be wound at regular intervals. One winding suffices for 20 feet 
of film, and at a speed of one picture a minute each winding lasts ten hours. 
Frequent inspections of the field are necessary to make sure that nothing un- 
toward is happening. Therefore, the occasional winding of the spring is of 
no great consequence. 


VIBRATION 


The danger of spoiling cinemicrographi¢ pictures by vibration is often over- 
rated. For speeds of 16 frames a second, for instance, or even 64 frames a 
second, we have shown previously that it is quite safe to place both the camera 
and microscope on the same iron optical bench,* * provided the eyepiece of the 
microscope does not touch the camera and the spring of the camera is used to 
move the film. For our time [apse cinemicrography with its longer exposures 
we found it safe to place the whole outfit on an ordinary wooden laboratory 
bench, if the precautions mentioned were observed. The weight of the camera 
with its attachments holds it steady. In addition, the camera with the posterior 
horizontal bar and the telephone dial can be lifted up and put aside as one 
piece by simply undoing the wire release from the camera. The anterior hori- 
zontal bar is loose and thus the microscope is ready for ordinary use at a mo- 
ment’s notice. 

There is still another feature to explain. We prevent vibration of the 
microscope by placing its base on soft rubber pads (Figs. 1Q and 2Q)._ It is 
held in place by a long fastening screw which goes through a hole in the wooden 
bench and reaches the base of the microscope from underneath. The hole through 
the bench is lined with soft sponge rubber, and there is a rubber washer sepa- 
rating the head of the fastening screw from the bench beneath. This arrange- 
ment allows slight movements of the microscope from side to side and assists in 
centering. 

FILMING OF BUDDING MONILIA CELLS 


By means of the apparatus described we have made a film of budding 
Monilia cells, from which frames are reproduced in Figs. 4, 5, and 6. In the 
film the budding cell of Fig. 4 can be seen to produce by repeated budding and 
separating, first, the three cells of Fig. 5, and finally the seven cells in Fiz. 6. 
It shows that before budding takes place there is great activity of the particles 
that can be seen in the cells. Usually this is near the part of the wall that 1s 














“= 








JOHNSON: MINIATURE CAMERA 241 


voing to break down. The vielding of the cell wall is a surprisingly sudden 
process compared with the following development of the bud. It is again aecom- 
panied by great activity of the particles, which can be seen making their way 
into the new cell. As a rule, it is possible to keep in focus the communicating 
opening between the two cells. The cell wall of a new cell is at first much thinner 
than later. As soon as it reaches the thickness of the old cell, the opening closes 
and often the cells separate with a sudden jerk. 


SUMMARY 


A technique is deseribed which enables biologie laboratories possessing ordi- 
nary equipment and the services of a skilled technician to make time lapse 
cinemicrographiec 16 mm. films. The apparatus is put together from simple 
materials, can be used on an ordinary wooden laboratory bench, and ean be as- 
sembled and taken apart in a few moments, so that the microscope remains avail- 
able for ordinary use. 
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THE MINIATURE CAMERA APPROACH TO VISUAL EDUCATION* 


» 


GEORGE FISKE JOHNSON, PH.D., STATE COLLEGE, Pa. 


9 IS NOW almost six years since the miniature camera first attracted the 
serious attention of educators in the United States as a new approach to 
effective visual instruction. The growing enthusiasm among the professions 
for this type of camera and its products as an aid in teaching and in recording 
scientifie data is revolutionizing the photographie and visual aid programs of 
many institutions. 

The possibilities of the miniature camera and related equipment in photo- 
graphing medical subjects, especially in color, have been reviewed previously 
in this JouRNAL. Jeter and Hull’ pointed out several years ago the value of 
using 35 mm. color film in miniature cameras as a means for securing 2 by 2 
inch slides for illustrative purposes. ‘‘The pathologist and the pathologie 
department of every hospital should assume teaching responsibilities,’ they 
wrote. ‘*We believe color photographs, as carried out by the simple, inexpen- 
Sive method described, is now practical and, furthermore, adds greatly to the 
facilities of teaching.’’ 


From the Agricultural Extension Service of the Pennsylvania State College, 
‘eceived for publication, July 21, 1942. 














242 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Tomlinson? recently called the attention of the medical profession again 
to miniature cameras, 35 mm. color film, 2 by 2 inch slides, illuminators for 
displaying color transparencies, and = especially their application to photo 
micrography. 

DeLuecehi,’ reporting on a survey of 55 medieal school hospitals, clinies, 
biologic photographie departments, and medical laboratories, writes: ‘* There 
is a very noticeable increase in the use of the smaller 2 by 2 inch Kodachrome 
slides (photographed usually in miniature cameras)... . A numerical checkup 
will show that the demand has been so great that the smaller-sized slide is 
definitely and rapidly becoming part of the routinely produced material in a 
majority of biological laboratories. The field of photography as used to illus 
trate surgical procedure has also been invaded by the 2 by 2 inch Kodachrome 
slide. More and more this small size slide is being used to augment 16 mm. 
Kodachrome motion pictures, and in one department has replaced the motion 
picture to a large extent. It is felt that a series of pictures taken during the 
process of an operation are excellent for teaching. The cost of such a series is 
less than a motion picture covering the same procedure. It is to be noted that 
three out of four new photographic laboratories (less than one-vear old) are 
using 2 by 2 ineh slides. . 

Other writers, especially in the field of biology, sueh as Brubaker and 
Holinger,? Waller and Breedis,” Footer,’ and Koch,’ have recognized this new 
trend in photography and visual edueation and have recorded many valuable 
ideas and experiences. 

I have been associated with the development of a visual aid service in the 
division of agricultural and home economics extension at the Pennsylvania 
State College for the past seven vears. This service employs 200 county farm 
and home economie representatives and state-wide subject matter specialists who 
conduct demonstrations on better farm and home economie practices and 
assist with 10,000 educational programs in rural communities annually. 

Our enthusiasm for the miniature camera was generated in 1937 when it 
was demonstrated that a $15 camera (more expensive now) taking the new 
35 mm. color film could produce reasonably true-to-color transparencies at a 
film cost of 15 cents each. We saw in this simple, inexpensive equipment the 
means of improving the photographie and visual aid program for our workers. 
The reasons for this were: (1) the equipment was light and easily earried; this 
was an extremely important advantage because our workers were traveling 
educators; (2) the equipment was less expensive than that available in the 
past; (3) the miniature camera loaded with color film was more foolproot and 
more exhilarating in results attained than larger cameras with black-and-white 
film; (4) the unit cost of the visual aids secured was substantially less than 
that prevailing with either the standard lantern slide or 16 mm. motion. pic- 
tures. We now have in our organization 107 miniature (35 mm. film) eameras 
eosting from $15 to $175 each. 

Slides, 2 by 2 Inches, Lead as Visual Aids.—How revolutionary recent 
improvements in visual aids have been in our ¢ase can be cited specifiea!!y. 
The number of standard-sized black-and-white lantern slides in use decreased 
from 5,000 in 1935 to fewer than 500 (used infrequently) in 1942, and in their 
place have come almost 25,000 of the new 2 by 2 ineh slides taken with miniat 
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cameras, mostly in natural color. We produced more than five times as many 
color slides in four years (1937 to 1941) as standard-sized black-and-white 
slides in twenty vears (1917 to 1936). Even more significant was the fact that 
a complete equipment change requiring the adapting of old projectors or the 
purchase of new projectors was necessary to effect this change-over in the type 


of slide used. 





Fig. 1.—County Agricultural Agent Russell M. Smith, Forest County, Pa., with a portion 
of the 800 2 by 2 inch slides which he has produced and utilized more than 300 times in the 
past four years on a total equipment and film expenditure of less than $225.00. 

Sereens for showing pietures changed in character completely during this 
seven-year period. Most sereens in 1935 were white cloth on whieh color slides 
would not show up clearly in the daytime in rooms that could not be darkened 
completely. Only one solution could be found and that was to buy the beaded 
surface type of screen. A few demonstrations were extremely convineing, so 
that today we have 82 beaded surface screens, 77 in county offices and 5 in the 
State College office. Each county has at least one of these screens, and 11 coun- 
ties have two each. The folding base tripod sereen is most’ popular. 

The trend in the use of visual aids since 1935 is shown in Fig. 3. The use 
of 2 by 2 ineh slides has increased from zero in 1936 to almost 50 per cent of 
all meetings in 1942; 16 mm. movies (mostly silent), of which we made over 
5 


decreased from 25 to 1 per cent; visual aids other than projected pictures 


0 reels, gained from 5 to 15 per cent; large lantern slides and film strips 
dropped slightly from 30 to 25 per cent; and meetings with no visual aids 
decreased from 35 to 10 per cent. It will be observed that the 2 by 2 inch slides 
are ised in a larger percentage of meetings today than all forms of projected 
pictures employed only seven years ago. 

The mistake is made of regarding the 2 by 2 inch slides as nothing more 
tha: the large lantern slide in a new dress. This transparency is a new visual 
mecrim. Beeause of its low film and processing costs each step in a process 
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ean be recorded economically. Furthermore, the mechanics of the camera are 


so simple that a sequence of pictures can be taken quickly. In this sense the 


miniature camera is a cross between the motion picture camera and the more 
cumbersome cut film or film pack reflex or view camera. Likewise, when skill- 
fully used in the lecture room the resulting pictures retain all advantages of 


the slide medium while acquiring some of the advantages of the motion picture. 


Fig. 2.—The folding base tripod beaded surface screen in use. Note that it can be elevate 
shoulder height. 


Advantages of Slides over Motion Pictures——Although physical complete- 
ness is attained with a well-photographed motion picture of an operation 
method demonstration, this does not mean that completeness of understanding 
is always reached, even when fully explained. The skillful lecturer ean o 
take a well-photographed series of slides of this same operation or met 
demonstration and secure more complete and lasting understanding of 
operation because: (1) the most critical stages or steps in the operation ¢a) 
retained clearly on the screen for an indefinite period for detailed explanat 
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(2) contrasts and comparisons can be made most easily and, if necessary, remade 
to fit the mental response of the audience; (3) in subsequent discussion any one 
scene ean be selected quickly and returned to the sereen; (4) the still trans- 
parencies ean be placed in an illuminator and the entire sequence can be studied 
at one time. Of course, the ideal is a motion picture and a series of still trans- 
parencies of the same operation. This is often impractical, however, due to the 
cost or the impossibility of repeating the exact operation. 

To accomplish the most with slides, we find that a 300 or higher wattage 
projector with forced draft or other means of thorough ventilation is necessary. 
This type of equipment enables a lecturer to retain a slide in the projector 
indefinitely without damage and still secure good projection with sufficient light 
in the room for note taking. 
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3.—Trend in the use of visual aids in indoor subject matter meetings conducted by the 
Pennsylvania Agricultural Extension Service, 1935 to 1942. 











One important factor in our plan is that assistance and encouragement are 
given for workers to produce their own visual aids. The development of the 
miniature camera, color film, and the exposure meter has been a great stimulus 
in this direction. The miniature camera, as we use it, is a lantern slide camera 
because color film is used, and when the shutter is clicked, a lantern slide is 
produced. This so simplifies the procedure of making lantern slides that over 
80 of our workers are successfully producing these slides at the rate of 5,000 
a year. 


MINIATURE REFLEX CAMERA FOR PHOTOMICROGRAPH Y 


Ve find the 35 mm. film size reflex camera extremely practical for photo- 
mMerography. In this type of photography we employ a carbon are light for 
illumination with either transmitted or reflected light, depending upon the 





246 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


subject. The camera setup is as follows: The lens of the camera is replaced 
with a hinged microscope adapter which slips over the top of the microscope. 
The hinge enables the technician to swing the camera aside while searching for 


the proper field to be photographed. When this is determined, the eamera is 


returned to the top of the microscope and focusing is completed through the 


Fig. 4.—Filing 2 by 2 inch slides in 100 capacity boxes. Squares of cardboard 
labels at the top are used for dividers. 


Fig. 5.—The projector strip method of filing 2 by 2 inch slides. 


reflex viewer. By using type A Kodachrome film and the carbon are light, : 
experience indicates an exposure from one-tenth second to three seconds, ba 
upon various light factors. We normally take three exposures, such as one-te! 
one-half, and one second, one-half, one, and two seconds, or one, two, and t! 


seconds, depending upon our judgment of which light group fits the sub, 
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Sliding panels in a metal cabinet provide an efficient file 


for 2 by 2 inch slides. 
—Using the illuminator to arrange 


a series of slides for an illustrated talk. 


"he 2 


by eC 


by 2 inch Kodachrome transparencies can be dupheated suecesstully 
manufacturer at a cost of 25 cents each. 


The best dupheates are made 
fro) correctly or slightly underexposed views. 
Catt vell. 


tra 


Overexposures do not dupli- 
Color prints, measuring 214 by 314 inches, can be made from the 


arencies by the manufacturer at a cost of 75 cents each. A 5 by 71% inch 
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size is made for $3.50. Fairly close-up subjects with distinct lines photographed 
on 39 mm. Kodachrome can often be converted successfully to a 5 by 7 ineh 
black-and-white negative for a monochrome contact print of publication quality. 


EFFICIENT FILES A NECESSITY 


Since many of our departments and county offices have from 200 to 800 
f the 2 by 2 inch slides, efficient filing has become essential to the best utiliza 
tion of these vast visual aid resources. We have several types of files in use: 
(1) the box type with partitions for individual slides; (2) the panel type in 
which slides are filed in panels or cardboard holders and viewed by holding them 
before a lighted background; (3) the projector strip file in which slides are 
held in a cardboard projector strip that is used as a slide carrier in the pro 
jector (see Figs. 4 to 6). 


SSS apkt 

Ai: yo viEW 
of Activities 

“Conducted By 

Pine Grove Folks 

"s Cooperating with 

SCHUYLKILL CO. AGRICULTURE 
EXTENSION ASSOCIATION 


Executive Committee Members: 


Mrs. Harry Bowen, hiadeshee! Mr. ULE Rhein, ite Game 
Mrs.Clara Wert2,farée | Mr. Guy Reed, Sommd Sete 


Fig. 8.—Inexpensive, simple and yet an extremely effective local community exhibit 
based upon the use of 2 by 2 inch slides in an illuminator. Note the magnifying glass on a 
string for use in looking at slides. 

In general, a satisfactory file has the following characteristics: It is con- 
venient to get slides into and out of the file with a minimum amount of time: 
it is not so complicated that great effort is required in keeping the file up to 
date; it is flexible in compartment spacing and new slides can be added with 
out the continual handling of old slides. The object of an efficient slide fili 
system is to reduce slide handling and effort in filing to a minimum and at 
same time make it possible to organize an illustrated talk quickly with all 
material at hand. We have found that our workers who make the most 
color slides in teaching are likely to accumulate at least 300 slides. To be n 
useful these must be in an efficient file. The cost of equipment for filing va 
from 2 to 7 cents for each glass-covered slide, depending upon the system use 


THE ILLUMINATOR IN USE 


in addition to a well-kept file of slides we find a relatively new piec 
visual aid equipment ealled the illuminator useful in organizing a seri 
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these slides for lecture purposes. In simple terms, the illuminator is a venti- 
lated boxlke structure with a white interior containing a 60 watt ordinary 
light bulb. The surface to be used for illuminating slides is of opal or ground 
glass. The slides are assembled on this surface. 

With a 25 capacity slide illuminator available it is relatively easy to organ- 
ize a series of slides for a lecture (Fig. 7). This piece of equipment eliminates 
the need of a preliminary showing of the slides on the screen, and it has the 
advantage of all slides being in view at one time. A magnifying glass ean be 
used to enlarge the picture, if desired. Furthermore, we find the illuminator 
filled with color slides useful as the central feature of simple, inexpensive 
exhibits as shown in Fig. 8. In this we recognize the natural color slide as some- 
thing more than a lantern slide to project onto a screen. 

In our work we find a number of advantages in illuminated slides over 
projected pictures. The pictures can be viewed clearly in average indoor light 
without darkening the room. The need of carrying projection equipment and 
the difficulty of setup in small quarters filled with people are eliminated. Be- 
sides, a series of slides can be viewed and studied individually or as a sequence 
with all slides continually in view. On the other hand, the use of the illumi- 
nator is limited to situations where only a few persons look at the slides at one 
time, and it is impossible to show all types of views with equal effectiveness. 

THE FUTURE 

The 2 by 2 ineh slide is definitely established as a visual aid medium ot 

vast possibilities. As professional workers become more familiar with its many 


advantages the scope of its usefulness should continue to increase. It is likely 
to establish itself as an important supplement to the motion picture. For per- 
sons and institutions with limited budgets it will of necessity become the visual 
aid medium of primary consideration. 
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DEPARTMENT OF ABSTRACTS AND REVIEWS 
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TUBERCULOSIS, Pulmonary, The Weltmann Reaction, Owen, W. F., Jr., and Van 
Ordstrand, H. S. Cleveland Clin. Quart. 9: 135, 1942. 


The Weltmann congulation band was determined in SO normal persons and a remark: 


constant result was obtained, i.e., 6 to G14, 


In 75 cases of pulmonary tuberculosis, followed for a period of three to four mont 
an attempt was made to define how closely the coagulation band reflected the clinical pict 


and whether there was any correlation between the band and the sedimentation rate. In 


group of 7) cases, 25 were chronic. arrested inactive cases, and in these the Weltmann react 


consistently showed a ‘‘shift to the right’*’ and was a better indication of the clinical statu 


than the sedimentation rate. In the remaining 50 cases the Weltmann coagulation band 
lowed the clinical picture in 32 cases, or only 64 per cent, while the sedimentation rate Was a 
good index in 40 cases, or 79 per cent. When the cases were divided into far advanced 
minimal, it was shown that in the 27 far-advanced cases the Weltmann reaction was reliab 
in only 50 per cent as compared with S4 per cent with the sedimentation test. In 
moderately advanced group of 20 cases, the sedimentation rate showed 60 per cent reliab 
and the coagulation band SO per cent. There were only three minimal cases studied; the s¢ 
mentation rate was of no value in any while the Weltmann test was reliable in all. 

Neither the Weltmann reaction nor the sedimentation rate is completely reliable 
fallible in the diagnosis and prognosis of pulmonary taubereu . In these cases the 
mentation rate has been a somewhat better index of tl “4 tatus of the patient. 
doubtful cases it may be of value to do both tests. 

In the chronic, arrested, inactive cases the Weltmann reaction consistently show 
‘shift to the right’* and was a better indication of the clinical status than the sediment: 
rate, 

There is no definite correlation between the Weltmann congulation band the sediment 


tion rate, 


PNEUMONIA, Capsular Polysaccharide in the Blood of Patients With Pneumococcic, 
Bukantz, S. C., deGara, P. F., and Bullowa, J. G. M. Arch. Int. Med. 69: 191, 1942. 


Systematic determination of capsular polysaccharide, agglutinin, and precipitin 
were made on samples of blood of 155 patients With pneumonia caused by pneumoco 
types I (52 eases), I] tenses), II] 1) eases), TV lense), \ Y eases), VII 
and VITT (16 cases) in a series rotated for treatment with sulfapyridine, with serum o 
the two in combination. 

Capsular polysaccharide was detected in the blood of 16 patients, or 11.8 per cent 
entire series. Eleven of the 16 had type III, 3 had type VII, and one had type VIIL pn 
coceus pneumonia, 

There was a significantly greater incidence of positive reactions for cireulating cay en 
polysaccharide in the older age group, a tendency to greater incidence with increasing du _ 
ot disease, and an equal sex Incidence. _ 

The mortality for the patients in whose blood capsular polysaccharide was preset 
62.5 per cent, while the mortality for all the patients with bacteriemia was only 29 pe it, cell, 
and the mortality for the entire series was 11.8 per cent. The mortality for the p: di 
without bacteriemia and without capsular polysaccharide in the blood was only 3 per 

Of the 10 patients whose serum gave a positive reaction for capsular polysacechari 


who were treated with sulfapyridine alone, 6 died. The illness of the 4 patients rec: 


P50 





ABSTRACTS PAT 


under sulfapyridine therapy alone ran a prolonged course, with a tendency to recurrence of 


fever, slow disappearance of capsular polysaccharide from the blood, and failure to produce 
antibody. 


Of the 5 patients whose serum gave a positive reaction for capsular polysaccharide anc 
who were treated with both sulfapyridine and serum, 3 died; two of these did not receive 
serum and = sulfapyridine simultaneously, and the third 
The 2 patients recovering after simultaneous serum and sulfapyridine therapy made much 
more satisfactory clinical 


received insufficient sulfapyridine. 


responses, The sixteenth patient in whose blood capsular 


poly 
saccharide was detected died after treatment 


with serum alone. 


CARTILAGE, A New Histochemical Reaction With High Specificity for Cartilage Cells, 
Hass, G. M. Arch. Path. 33: 174, 1942. 


The fresh tissues, except when decalcification was necessary, was cut into sections 


with a freezing microtome set at 15 to 20 microns, The sections were divided into lots 


for preservation in water, alcohol, and solution of formaldehyde U.S.P. The sections in dis 


tilled water were subdivided into three groups. One group was used for immediate study. 


Sections of the second group were mounted on glass slides and dried rapidly in a vacuum 


desiccator, The third group of sections was placed in the refrigerator at 5° C, 
It was impossible to obtain suitable sections of fresh bone, although osseous tissue often 


remained so attached to epiphyseal cartilages at the primary zones of ossification that a few 


observations could be made. Decalcification of formaldelhyde-fixed or fresh tissue with 0.5 


molar hvdrochlorie acid Was necessary before 200d sections ot hone were obtained. 


Sections of the designated organs and tissues were exposed to the action of numerous 
nbinations and concentrations of 0.5 molar hydrochloric acid, 0.5 molar sodium hydroxide, 


molar sodium nitrite and 0.04 molar erystal violet. Optimum conditions for obtaining 
desired reaction were as follows: A solution containing 10 ¢.¢. of 0.5 molar hydrochloric 


ec, of 0.04 molar crystal violet, and 1 ¢.e. of 0.20 molar sodium nitrite, o1 multiples 


was prepared, The reaction was allowed to 


emperature, 


proceed for forty-five minutes at room 
Then 0.5 molar sodium hydroxide was added slowly until a delicate fluorescence 
dd, Seven to S ¢.c. were required, 


the quantity being so adjusted that a fine precipitate 
n the reaction mixture about ten minutes after appearance of the fluorescence. After 
of the alkali, 20 c.c. of the reaction mixture was transferred to each of a desired 
“¢, beakers. One section of tissue was placed in each beaker and kept there 


out the fifteen to twenty minutes required for the formation of a precipitate. After 


f the solution. The sections 
vithdrawn from the reaction mixture through the ether laver, washed in distilled water, 
float onto olass slides, blotted with filter 


unted in glycerogelatin under a cover slip. 


pitation was complete, ether was poured on the surface « 
wert 


paper, stained with aqueous hematoxylin, and 


Similar results were obtained when the sections had been affixed to glass slides by 


atorv desiccation in vacuo. When available in this form, the tissues were more easily 


than when they were floating in the solution. 


is standard method was varied so that some data might be gathered with respect to 


on of alcohol, acetone, ether, 


and 0.5 molar hydrochloric acid on the capacity of the 
ti » react and on the stability of the reaction product once it had formed. By use of 
these agents it was possible to make a microscopic study of cells prior to running the re 


action, after a positive reaction had been obtained, and after eliminating all traces of the 
posit reaction, In other attempts to determine the nature of the reactive evtoplasmie com 


pone e carmine stains for glycogen, the perosmic acid stain for lipids, the sudan IV stain 
ror 


al glyeerides, and the hematoxyvlin-eosin stains were prepared. 


positive reaction consisted of an aggregate of particles in the cytoplasmie area of a 


cell. e particles, which varied from 1 to 3 microns in diameter, were vellow, refractile, and 
ISCO] I spherical, They often had a biconeave form and always possessed curved margins, 





REVIEWS 








Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 








Gould’s Medical Dictionary* 


F THERE is one book that every medical library and every physician must have, it is a 
medical dictionary. This new edition of Gould, long a favorite, will be found abreast of 
all the many and varied advances which have brought new and varied terms to medical 
literature. Numerous tables and new illustrations, many in color, make this new edition 


highly acceptable. It is highly recommended. 


Textbook of Bacteriology; 


HROUGH twelve editions Jordan’s Bacteriology has established its own place. Dr. Bur 
rows has taken the place of the late Dr. Jordan in editing the thirteenth edition. It has 
been somewhat enlarged and, with minor exceptions, completely rewritten. Chapters devoted 
to highly specialized fields, such as soil, industrial and dairy bacteriology, have been regrouped 
in a chapter on Bacterial Physiology. The relation of bacteria to disease is considered in its 
broad aspect. This applies especially in the section on virulence and resistance. 
The editor has been conservative in his treatment of nomenclature and classification. 
He uses no single taxonomic scheme, although he favors most of the terms adopted in 
Bergey’s Manual. 


The new edition gives every promise of enjoying the popularity of its predecessors. 


Foreign Bodies Left in the Abdomen: 


eee is a summary review of the entire literature of the subject, analyzed and discussed 


with regard to methods of prevention and to legal responsibilities. 

The first record of a sponge left in the abdomen was in 1895, when a sea sponge was 
discovered. Sea sponges evidently were used quite frequently in the early days. Very few 
appear in the literature after 1900, although one was found in 1916, which apparently had 
been introduced in the same year. 

In 1901 a towel, measuring one foot by two feet, was left in an abdomen. 

The interval between loss and recovery of sponges is sometimes very long. 
the fifth year secondary operations caused by sponges are usually due to intestinal com- 
plications, although nearly half of them become encapsulated, cause little or no trouble, and 
are found only incidentally in other operations. 

Methods of preventing loss are discussed in much detail. These include sponge cou 
metal tracers, and the continuous sponge. 

Most of the instruments left in the abdomen are forceps, hemostats, and nee 
although one report from Germany described a pair of spectacles. 

Drains are lost often enough to be important. Some foreign bodies in the abdomi 
cavity were originally swallowed. 

The legal decisions reviewed in considerable detail will be of greatest interest to a 


who have been unfortunate enough to have left articles in the abdomen. 


*Medical Dictionary. 3y George M. Gould, A.M., M.D. Revised by C. V. Brown! 
Flexible, ed. 5, 1,528 pages, illustrated. Plain, $7.00; thumb index, $7.50. The Blakiston 
Philadelphia. 

+Textbook of Bacteriology. By Edwin O. Jordan, Ph.D., late Andrew McLeish Di 
guished Service Professor of Bacteriology, University of Chicago; and William Bu 
Ph.D., Assistant Professcr of Bacteriology, University of Chicago. Cloth, ed. 13, revised 
pages. W. B. Saunders Company, Philadelphia and London, 1941. 

tForeign Bodies Left in the Abdomen. The Surgical Problems—Cases, Treatment 
vention. The Legal Problems—Cases, Decisions, Responsibilities. By Harry Sturgeon C1 
M.D., School of Medicine, Washington University; and David Frederic Crossen, LL.B., 5 
of Law, Washington University, St. Louis, Mo. Cloth, 762 pages, with 212 illustrations 1 
ing 4 color plates. The C. V. Mosby Company, St. Louis, 1940. 
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BOOK REVIEWS 


Approved Laboratory Technic* 


) pee third edition of the Approved Laboratory Technic includes such new procedures as the 


quantitative determination of prothrombin, methods for semen examination, the deter- 
mination of urobilinogen in the urine and feces, hippuric acid in the urine, serum lipase 
determination, the simplified Kolmer complement fixation test, the Eagle modification of 
the Wassermann, determination of vitamin C in urine and plasma, determination of sulfon- 
amide compounds in the blood and urine, and determination of thiocyanates in the blood. 
This book was originally prepared under the auspices of the American Society of 
Clinieal Pathologists. 
In addition to the authors, twenty-eight men have collaborated in the preparation of 


certain sections. 


Science and Seizures; 


VERY readable popular book for the use of the patient with epilepsy or migraine, 

this work was written from the point of view of neuropsychiatry. The patient with 
epilepsy (Lennox prefers to call it seizures) will get a clearer understanding of his econ 
dition from perusal of this book and will be relieved of the feeling that he is stigmatized 
by his disease. For this purpose the book should be widely recommended. 

Physicians, even neuropsychiatrists, will also enjoy it and, unless they have kept up 
with the most recent advances in the study of seizures, they will gain much from its 
perusal, 

Dr. Lennox devotes considerable space to discussion of the importance and signifi- 
cance of eleetroencephalograms. Some workers in the field may feel that the generaliza- 
tions concerning the significance of the electroencephalogram are somewhat premature, not 
as yet generally accepted. The deductions, however, are based upon fact as it is known 


today and certainly add to the interest of the volume. 


Cardiac Classics{ 


| Ragcelgroan CLASSICS contains reprints and translations of fifty-two contributions by fifty 
one men who have done most to advance our knowledge of cardiology. Aside from the 
fun that one derives from reading those essays which have made history in medicine, there is 
a utilitarian need for this type of volume tor those who are writing today. Often quotations 
from earlier investigators are distorted successively by men who fail to go back to the original 
source for their quotations, The truth of this is so obvious to those who do much writing 
that examples need not be given, Often the misquotations actually change the entire 
sense of a remark. 

Another realization came to the reviewer as he went through the pages of this ex- 
cellent work: how few essays written by medical men deserve reprinting and rereading. 
How much print paper is wasted with rehash and unimportant stuff. 


*Approved Laboratory Technic—Clinical Pathological, Bacteriological, Mycological, 
rasitological, Serological, Biochemical and Histological. By John A. Kolmer, M.S., M.D., 
P.H., Se.D., LL.D., L.H.D., F.A.C.P., Professor of Medicine, Temple University; Director of 
Research Institute of Cutaneous Medicine, Philadelphia; formerly Professor of Pathology 
Bacteriology, Graduate School of Medicine, University of Pennsylvania; and Fred Boerner, 
D., Assistant Professor of Bacteriology, School of Medicine and Graduate School of 
licine, University of Pennsylvania; Bacteriologist, Graduate Hospital, Philadelphia. Cloth, 
3, 921 pages, $8.00. D. Appleton-Century Company, New York and London, 1941. 

¢Science and Seizures: New Light on Epilepsy and Migraine. 3y William Gordon 
Lennox, M.D., Se.D., Hon. Assistant Professor of Neurology, Harvard University Medical 
School; Visiting Neurologist, Boston City Hospital; President International League against 
Epilepsy; Vice President Laymen’s League against Epilepsy; Secretary Harvard Epilepsy 
Cc mission. Cloth, 25 pages, with 109 illustrations, $2.00. Harper & Brothers, New York 
an! London, 1941. 

tCardiac Classics—A Collection of Classic Works on the Heart and Circulation With 

prehensive Biographic Accounts of the Authors. Fifty-Two Contributions by Fifty-One 
authors. By Fredrick A. Willius, M.D., M.S. in Med., Chief, Section of Cardiology, the Mayo 
Clinie; Professor of Medicine, the Mayo Foundation for Medical Education and Research, the 
Graduate School, the University of Minnesota; and Thomas E. Keys, A.B., M.A., Reference 
Librarian, the Mayo Clinic; formerly Carnegie Fellow, the Graduate Library School, the Uni- 
versity of Chicago. Cloth, 858 pages, $10.00. The C. V. Mosby Company, St. Louis, 1941. 
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The work starts with William Harvey and ends with Herrick’s description of coro 
nary occlusion. 

One is disappointed in not seeing an essay from the pen of Thomas Lewis, but it is 
interesting to observe that there are more index references to his name than te that of 


any other cardiologist outside the favored fifty-one. 


Dynamics of Inflammation* 


A N OUTSTANDING contribution to our knowledge of inflammation, this book differs 


from the older pathologic concept in the sense that it is dvnamiec rather than static. 
The author analyzes the physiology and pathological physiology of the migration of 
leucocytes from the capillaries and their activities in areas of infection and damage, and 
associated chemical changes as well as modifications in these activities brought about by 
immunity and allergy. This has been the field of Menkin’s original investigations fon 


many vears. In addition he brings to the monograph a wealth of his own material. 


Although the volume represents a tremendous amount of original investigations, Dr. 
Menkin’s conclusions, his interpretations of the mechanism of inflammation, are such as 
are now widely accepted. The evidence presented in favor of acceptance of the new 


trophie substance which he has named leukotaxine is logical. 


ITEM 


Antipneumococcic Action of Cinchona Derivatives 
Mellon Institute, Pittsburgh, Pa., is distributing gratis to all interested 
specialists who request them copies of a publication entitled ‘Structure and 
Antipneumococecic¢ Activity in the Cinchona Series.”’ 


Erratum 
The first paragraph on page 1458 of the August issue of the JOURNAL, in 
an article entitled ‘*Studies on the Clinical Significanee of the Serum Proteins” 
by Benjamin M. Kagan, M.D., Richmond, Va., should read: 
‘There are in existence several colorimetric methods which, while less diffi 
cult to use, do not approach the simplicity of usual routine tests, and some of 
which are subject to errors up to 10 per cent.” 


SIMPSON MEMORIAL INSTITUTE 
ANN ARBOR, MICH. 


: *Dynamics of Inflammation. An Inquiry Into the Mechanism of Infectious Processes. B 
Valy Menkin, Department of Pathology, Harvard University Medical School. Cloth, 244 page 
$4.50. The Macmillan Company, New York, 1940. 











Charles Virgil Mosby 
1876-1942 


Founder of The Journal of Laboratory and Clinical Medicine 








The Editors of 


The Journal of Laboratory and Clinical Medicine 


mourn the passing of its founder 
Charles Virgil Mosby 


who has contributed much to the progress of medicine 
in the building of a publishing medium second to none 
in its special field, thus providing facilities for inter- 
change of ideas and perpetuation of accomplishments 


in the sciences 











“Medicine and surgery would still be primitive 
crafts had it not been for a few dauntless souls who 















were willing to record faithfully, by the written word, 
the results of their findings.” 


“The sculptor needs the granite block out of 
which to carve the image that has taken form and sub- 
stance in his brain. On its unyielding face he carves 
the creatures of his imagination. We are the sculptors 
that carve day by day our form and likeness upon the 
rocks of time. Overcome the difficulties, surmount 
the obstacles, break down the barriers, and you carve 
deep and lasting. You cut your image so deeply upon 
the hearts and into the souls of men that time itself 
will never efface your memory.” 


—From the writings of C. V. Mosby 





